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Urbanisation dramatically changes the structure of bird communities, resulting in increasing 
of biotic homogenization as same species, “generalists” are widespread and ubiquitous in 
urban landscapes. The aim of the study was to investigate the potential relationship of 
detailed component of urban form (i) vegetation heterogeneity, (ii) housing density and (iii) 
carnivore density (cats and dogs) with birds in suburb residential. Numerous studies of birds 
have been carried out in urban landscapes, yet most of the studies have been carried out in 
the temperate regions, little is known in the tropic regions. This study examines the bird 
species diversity in suburban area including their feeding guilds, how vegetation 
heterogeneity and housing density influence bird diversity. A further aim was to investigate 
the influence of cats Felis catus and dogs Canis familiaris on bird occurrences and survival.  
The density of birds and carnivores, and vegetation richness were examined in thirteen 
suburb residential areas of Kuching and Kota Samarahan divisions from February 2016 to 
February 2017 using line transects. A total of 7,851 bird observations were made, involving 
34 species that representing 22 families. Six generalist species were encountered in all 
surveyed residential areas and four were introduced. These generalist species were either 
omnivores or granivores that dominated the urban bird species composition. Bird density 
(7.5 ind. ha-1) was elevated by the abundance of these species. This study found that bird 
species richness was positively related to vegetation richness and tree species richness (R2 = 
0.39; R2 = 0.41, respectively). However, this vegetation richness was not significantly 
influence on bird density (R2 = 0.01). Housing density was not an important variable in 
influencing birds in suburban habitat (P = 0.91). Similarly, bird species assemblage found 
no significant association with carnivore density neither cats nor dogs (R2 = 0.25; R2 = 0.11, 




vegetation richness is needed to be considered in order to enhance a balance habitat for the 
coexistence of human and avian assemblage in urban habitats.  
Keywords: Urbanisation, urban bird, suburban residential, vegetation heterogeneity, 




















Ekologi Komuniti Burung Bandar di Kawasan Pinggir Bandar Kuching dan Kota 
Samarahan  
ABSTRAK 
Urbanisasi secara dramatis mengubah struktur masyarakat burung, mengakibatkan 
peningkatan homogenisasi biotik seperti spesies yang sama, "generalis" tersebar luas dan 
terdapat di mana-mana kawasan lanskap bandar. Tujuan kajian ini adalah untuk mengkaji 
potensi hubungan komponen terperinci bentuk bandar (i) heterogenitas tumbuh-tumbuhan, 
(ii) kepadatan perumahan dan (iii) kepadatan karnivora (kucing dan anjing) dengan burung 
di kediaman pinggir bandar. Banyak kajian mengenai burung telah dilakukan di lanskap 
bandar, namun kebanyakan kajian telah dilakukan di daerah beriklim sederhana, sedikit 
yang diketahui di kawasan tropika. Kajian ini mengkaji kepelbagaian spesies burung di 
kawasan pinggir bandar termasuk kumpulan makanan mereka, bagaimana heterogenitas 
vegetasi dan kepadatan perumahan mempengaruhi kepelbagaian burung. Tujuan 
selanjutnya adalah untuk mengkaji pengaruh kucing Felis catus dan anjing Canis familiaris 
terhadap kejadian dan kelangsungan hidup burung. Kepadatan burung dan karnivor, dan 
kekayaan tumbuh-tumbuhan telah diperiksa di tiga belas kawasan perumahan pinggir 
bandar di Kuching dan Kota Samarahan dari Februari 2016 hingga Februari 2017 
menggunakan transek garis. Sebanyak 7,851 pemerhatian burung dibuat, melibatkan 34 
spesies yang mewakili 22 keluarga. Enam spesies generalis ditemui di semua kawasan 
kediaman yang disurvei dan empat diperkenalkan spesies bukan asli. Spesies generalis ini 
adalah omnivora atau granivora yang mendominasi komposisi spesies burung bandar. 
Ketumpatan burung (7.5 ind. ha-1) meningkat kebanyakan dari spesies ini. Kajian ini 
mendapati bahawa kekayaan spesies burung secara positif berkaitan dengan kekayaan 
tumbuh-tumbuhan dan kekayaan spesies pokok (R2 = 0.39; R2 = 0.41 masing-masing). 




kepadatan burung (R2 = 0,01). Kepadatan perumahan bukanlah pemboleh ubah penting 
dalam mempengaruhi burung di habitat pinggir bandar (P = 0.91). Begitu juga, kumpulan 
spesies burung tidak menemui kaitan yang signifikan dengan kepadatan karnivor sama ada 
kucing ataupun anjing (R2 = 0.25; R2 = 0. 11 masing-masing). Penemuan ini penting dan 
relevan untuk perancangan penggunaan tanah bandar di mana kekayaan tumbuh-tumbuhan 
perlu dipertimbangkan untuk meningkatkan keseimbangan habitat untuk wujudnya 
kumpulan manusia dan burung di habitat bandar. 
Kata kunci: Urbanisasi, burung bandar, kediaman pinggir bandar, heterogen vegetasi, 
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1.1 Urban Birds and its Ecosystem 
Urban environments tend to be very similar (Clergeau et al., 2001).  It is well 
developed with high density of human structures such as houses, commercial buildings, 
roads, bridges and railways. Although the world becomes increasingly urbanised, rural place 
is still considered to have richer biodiversity compared to urban place. Moreover, rural 
places are believed to be more natural environments that is capable of fitting most species 
and play an important role in conservation (Turner et al., 2004; Evans et al., 2009).  
Urban ecosystem is complex, heterogenic and dynamic (Rodrigues et al., 2018), and 
plays a vital role in supporting the biodiversity. However, they are often the prime locations 
for the spread of invasive species (Menon & Mohanraj, 2016). A few invasive species are 
those common bird species that are normally seen in urban and they pose a threat to 
biodiversity (Menon & Mohanraj, 2016). 
Birds are the largest group (MacKinnon, 1993) with more than 10,000 extant species 
distributed in the world (Brusatte et al., 2015). Birds range in size from the thumb-sized 
hummingbirds to ostriches (Brusatte et al., 2015). According to BirdLife International 
(2019), there are 718 bird species recorded in Malaysia, 64 globally threatened species and 
eight endemic species. Indonesia has the highest total of threatened species (117 species), 
followed by China (78 species), India (73 species) and Philippines (70 species) (BirdLife 
International, 2001).  Urban adapted species like myna, sparrow and dove rapidly multiply 




Birds perform essential ecological functions like seed dispersal and pest control 
(Sekercioglu, 2006). However, they are sensitive to habitat changes. They occur in all major 
habitat types, though forest being particularly important (BirdLife International, 2008). Loss 
of habitat and fragmentation are the primary causes of bird declines worldwide (BirdLife 
International, 2008). So far, forest are the most important habitats for threatened species in 
Asia (BirdLife International, 2001). Conversely, habitat changes favour generalists and 
behaviorally flexile species (Moller, 2009). Landscapes with tall trees are often the nesting, 
foraging roosting and hiding site for many bird species. Urban-dwelling birds often choose 
tall trees, landscapes with greater shrub cover and areas with varies species of trees (Menon 
& Mohanraj, 2016). 
Urban landscapes have more anthropogenic food resource and the climate of urban 
often warmer than rural environments (Gilbert, 1989). These changes in urban environments 
have forced birds either to avoid or adapt to it. Many of the species are able to adapt to urban 
landscapes by undergoing behavioral or physiological changes to survive (Shochat et al., 
2010). Urban habitats favor species that are more tolerated to toxic substances in cities, able 
adapt to artificial light, noise of traffic and able to breed on human built structures (Ehrlich 
et al., 1988). Some birds are tolerant to noise but not all (Paton, 2013) and urban birds have 
wider environmental tolerance (Bonier et al., 2007). These studies showed that urban birds 
have wider environmental tolerance compared to rural birds. Urban birds have better 
adaptations to urban environment even when they are introduced to a novel environment. 
Many of the species that thrive in urban settings undergo behavioral and 
physiological adaptations (Shochat et al., 2010). However, there are many factors present in 
cities bringing negative effects on urban birds. Although the food density is high in urban 




affect bird health and growth (Shochat et al., 2010). Other than that, Zannin et al. (2006) 
stated that chemical pollution negatively affects urban bird health and growth. Chemical 
components emit in urban environment can accumulate in bird’s tissues and harm their body 
(Bonier et al., 2007). Another stressor for urban birds is noise pollution. This interference 
can influence birds in urban as they use vocalizations to warn of danger, defend for territory 
as well as attract mates (Shochat et al., 2010), and thus study have shown that noise in urban 
settings influence bird distribution (e.g., Rheindt, 2003; Parris & Schneider, 2009).  
The increase in urban bird density is often related to food abundance and reduction 
in predation pressure. Birds in urban are often dominated by fewer species that are highly 
abundant and thrive well in human habitations, and these species are often thought to 
influence the abundance of many species in urban (Parsons et al., 2006). For instance, the 
aggressive and exotic Common Myna Acridotheres tristis that are abundant in cities may 
affect the ability of other species (e.g., Black Headed Munia) to co-exist in urban habitat 
through competition for niche resources (Pell & Tidemann, 1997; Sze et al., 2018). They 
may also compete for nest hollows with native species (e.g., Oriental Magpie Robin) that 
nest in tree holes (Sze et al., 2018).  
1.2 Urbanisation  
Urbanisation has been defined as conversion of natural habitats into areas partly 
covered by buildings, heavily fragmented and with high level of edge effects (Moller, 2009). 
Urbanisation has played a vital role in wildlife extinction (McKinney, 2006) as urban 
ecosystem is important in supporting biodiversity. Rapid expansion of urban and suburban 
developments associate with habitat modification and landscape changes. Urbanisation 
cause habitat loss (McKinney, 2002) that changes landscape structure (Litteral & Wu, 2012) 




(McKinney, 2002). According to BirdLife International (2008), habitat destruction and 
degradation affect 1,146 (93%) threatened bird species (Figure 1.1). Urbanisation invariably 
cause the loss of bird species present before development, especially ground-nesting species, 
habitat specialists and species that require large areas of intact habitat (Evans et al., 2009). 
Furthermore, change of landscape structure has negative impact on bird diversity whose 
diversity correlate with vegetation complexity and plant species richness (Savard et al., 2000) 
as urban landscapes often characterized with high non-native species (McKinney, 2006). 
Therefore, urbanisation has become one of the major threats to biodiversity.  
Rate of urbanisation increases as the population increases because the conversion of 
natural habitat to other land uses increase. With high rate of urbanisation, urban areas are 
now a challenging ecosystem for sustaining biotic communities and diversity (Shochat et al., 
2010). According to the report of East Asia’s Changing Urban Landscape (The World Bank, 
2015a), Malaysia is among the most urbanized countries of East Asia after Japan, Republic 
of Korea and Singapore. From year 2000 to 2010, the urban land in Malaysia grew from 
about 3,900 km2 to 4,600 km2 (average growth rate of 1.5%) and population is increasing 
rapidly from 10.2 million to 15 million (The World Bank, 2015b).  
Urbanisation decreasing bird species richness while increasing overall population 
density (McKinney, 2006; Shochat et al., 2010). Menon & Mohanraj (2016) stated that 
environmental changes favor the spread of invasive species, thereby reducing accessible 
areas for native species, leading to uniform bird communities (generalists) in urban place 
that dominated by relatively few species whilst promoting biotic homogenization (Bezzel, 
1985; Chace & Walsh, 2006; McKinney, 2006; Chong et al., 2012). Overall, urbanisation 




Invasive birds belong to limited range of families which are Anatidae, Phasianidae, 
Psittacidae and Passeridae (Duncan et al., 2006; Kark & Sol, 2005).  
In addition, urbanisation tends to select several feeding guilds that are omnivorous 
and granivorous (Lim & Sodhi, 2004; Chace & Walsh, 2004) or species with broad 
environmental tolerance (Bonier et al., 2007). Frugivores have found to decline from the 
urban environment (Menon & Mohanraj, 2016). In order to maintain urban biodiversity, 
urban planners need to understand and know the factors that affect the distribution of bird 
species (Clergeau et al., 2001).  
 
 
Figure 1.1: Main stresses on globally threatened bird species worldwide. (Source: Analysis 











Numerous studies of birds have been carried out in urban landscapes, however, most 
of the studies have been carried out in the temperate regions, so little is known in the tropic 
regions. This study was to examine the bird species diversity in suburban area including their 
feeding guilds, how vegetation diversity influence bird diversity as well as housing density. 
A further aim was to investigate the influence of cats Felis catus and dogs Canis familiaris 
on bird occurrences and survival. The observed bird species and carnivore individual were 
computed for regression to see their correlation.  
The objectives were:  
i. To examine species diversity and feeding guilds of birds in suburb residential of 
Kuching and Kota Samarahan.  
ii. To investigate the factors that drive species assemblage in suburb residential of 
Kuching and Kota Samarahan.  
iii. To determine the influence of carnivores on bird community in suburb residential 
of Kuching and Kota Samarahan. 
1.4 Outline of Thesis 
This thesis examines the community ecology of birds in suburban in Kuching and 
Kota Samarahan divisions of western Sarawak. Urban ecosystem is crucial for sustaining the 
biodiversity including species-rich bird communities. Bird density and diversity are 
examined, and latter tested with different factors that may influence bird species assemblages 





CHAPTER 2  
LITERATURE REVIEW 
2.1 Factors Influence Birds in Urban Setting 
In urban landscape, bird communities are highly homogenized (McKinney, 2006; 
Chong et al., 2012) as cities expand, the same species that are adaptable to urban will be 
elevated and widespread (McKinney, 2006). Invasive urban species that inhabited urban 
place over a long period achieved the largest increases in population density compared to 
their ancestral rural habitats, and this successful invasion was associated with gradual 
adaptation to these environments (Moller et al., 2012). It has been claimed that humans 
create homogenous bird communities in urban settings (McKinney, 2006). According to 
Smythies (1999), only few bird species can be found in urban habitats which are Eurasian 
Tree-sparrow, introduced mynas and pigeons. However, the introduced species mynas may 
differ in different town areas (Smythies, 1999).  
Lancaster and Rees (1979), in their study on bird communities and urban habitat 
structure in Vancouver, USA, have noted that food provided by man has major effect on the 
bird density and distribution in urban areas while there are limited niches, like domestic 
pigeon, the well adapted species, that are easily being seen at the park with food feed by 
human.   
There are various factors that influence the urban bird communities. Urban place 
makes up rich foraging ground for several bird species that normally provided by human, 
but natural food availability is significantly reduced due to the lack of native vegetation while 
increase in exotic plant species (Chace & Walsh, 2004). Thus, urban habitat is likely to favor 




(Bonier et al., 2007). Vegetation characteristic significantly influence richness and 
abundance of birds. The abundance of certain forest species like woodpeckers (Dendrocopos 
spp.), Eurasian wryneck (Jynx torquilla) and tits (Parus spp.) can be affected by the 
availability of tree cover (Paton, 2013). On the other hand, shrub cover can maintain high 
level of bird diversity because it can act as connector between gardens (Paton, 2013).     
In nature, predation often effects on prey populations. Domestic cats occur in high 
densities in urban areas (Sims et al., 2008; Baker et al., 2008). Most of bird’s urban predators 
are free-ranging cats and dogs. Baker et al. (2005) suggested that cats are major cause of 
mortality for some bird species. The abundance of cats and dogs in suburban is higher than 
rural environment, this could be related to food supplied by humans in suburban is higher 
than in rural (Campos et al., 2007). Cats in urban area may prey more on birds and most 
owned cats spend most of the time outdoors (Woods et al., 2003; Baker et al., 2005). Public 
remains unaware of this issue. 
2.2 Food Provision Benefits Introduced Species 
Bird population density is often positively related to abundance of foods (Emlen, 
1974; Shochat et al., 2010; Galbraith et al., 2015). Food availability is one of the fundamental 
factors that influence all animal populations (Martin, 1987; Newton, 1998). Urban birds 
access the food resource obtained from human activities (Galbraith et al., 2015) which may 
be from waste or fed by the public. The study from Galbraith et al. (2015) denoted that the 
feeding practice increase the introduced bird abundance especially the House Sparrow 
Passer domesticus and Spotted Dove Spilopelia chinensis, whereas negatively effect on 




Another study from Fuller et al. (2008) suggested that supplementary of food for 
birds in urban area effects bird populations. They constructed regression models to test on 
the relationship of feeder density (the density of gardens that birds are fed) on bird diversity 
and abundance. They found that the density of feeding stations elevates the abundance of 
birds that are present in the area while no effects on bird species richness.  
Several studies indicate that winter feeding is positively associated with bird 
populations with increased winter survival (Jansson et al., 1981; Brittingham and Temple, 
1988). Tryjanowski et al. (2015) stated that supplementary food provision using bird feeders 
is the best way to support birds in urban areas during winter, probably supporting 65% of 
wintering birds in urban and rural. Their study also showed a significant difference in the 
number of bird feeders and number of bird feeders with food, both were higher in urban than 
in rural places (Tryjanowski et al., 2015). Several reasons that caused the differences 
between urban and rural places, this includes population size, structure of dwellings, 
economic status of people (Tryjanowski et al., 2015). In urban area, birds utilised food 
disposal of restaurant, cafeteria, school canteen, supermarket and in drainages.  
2.3 Avian Guilds Respond to Urbanisation  
Species from different guilds were shown to respond differently to urbanisation (Lim 
& Sodhi, 2004). Many introduced bird species in urban areas are dominated by omnivores 
or granivores (Galbraith et al., 2015) that thrived well in urban habitat (Lim & Sodhi, 2004; 
Chace & Walsh, 2004).  Lim and Sodhi (2004) found that insectivores, carnivores and 
frugivores were affected in urbanised area while omnivores and granivores were the most 
abundant. They stated that insectivorous and carnivorous were adversely affected in more 




were favoured by low-housing density, and probably due to greater numbers of fruits and 
ornamental plants in low housing density estates.  
2.4 Effects of Surrounding Vegetation on Bird Structure  
Clergeau et al. (2001) stated that bird species richness could be influenced by local 
features such as diversity and density of vegetation and habitat heterogeneity. The number 
and type of vegetation shapes bird diversity in urban area (Chace & Walsh, 2004). Lancester 
and Rees (1979) claimed that urban areas with high vegetation support higher bird species 
richness. There is often a strong positive correlation between native vegetation density and 
diversity and bird species richness (Mills et al., 1989; Day, 1995; Chace & Walsh, 2004). 
Landscapes with tall trees are often used as nesting, foraging, roosting and hiding site for 
birds (Menon & Mohanraj, 2016). Urban-dwelling birds often choose tall trees, landscapes 
with greater shrub cover and areas with variety of tree species (Menon & Mohanraj, 2016).  
A study in public gardens in cities of Israel found that bird species diversity is 
positively related to shrub species richness as shrubs provide foods like insects, seeds and 
fruits and as cover from predator and extreme weather (Paker et al., 2014). Besides, Fontana 
et al. (2011) claimed that vegetation structure especially trees is the most important habitat 
variable that influence bird species assemblage.  
Fruiting trees frequently provide fruits for frugivore and omnivore and flowering 
plants to attract nectarivore. Study suggested that shrub, tree planting, water restoration and 
vegetation diversity increase, change bird diversity in city (Clergeau et al., 2001). Mohd-
Azlan and Lawes (2011) stated that number of matrix habitats overwhelmed the area, 




The condition of vegetation and size of the park appeared to be important to bird 
populations (Carol, 1976). A study on six urban parks and one natural control area out of 
urban influence have showed no major differences between the large urban park and the 
control area. However, there were differences among the parks with different types of 
vegetation and between small and large parks. Adequate vegetation supports high diversity 
of urban birds. Species abundance decreased in small parks and parks with more modified 
vegetation. Those species associated with extensive urbanisation have higher abundance in 
more modified areas because they have ability to use man-made structures as nesting sites 
(Carol, 1976). In this research, transects with trees within survey areas were enumerated and 
surveyed to examine if it affects urban bird assemblage.  
2.5 Urban Birds Response to Exotic Plant Species  
The proportion of non-native plant species in human settlements increases through 
time (McKinney, 2006). Chace and Walsh (2004) claimed that urban places that retain native 
plant species or vegetation characteristics tend to retain more native species than urban 
places that do not. Native birds foraging more frequently on native plants than exotic plants 
(Mills et al., 1989; Day, 1995), whereas exotic birds preferred to forage on exotic trees 
(Paker et al., 2014). Moreover, in Australia, White et al. (2005) found that high proportion 
of exotic vegetation supports lower bird species richness. High exotic vegetation that 
accounted for 74.6% of the total species surveyed in city of Chile are found to support low 






2.6 Bird Species Richness and Abundance Relating to Housing Density  
Malaysia’s population in 2018 was 32.4 million and is estimated to increase at 32.6 
million in 2019 (Department of Statistics Malaysia, 2019). The demand for housing brings 
enormous pressures on natural landscapes (Tratalos et al., 2007). 
A study by Germaine et al. (1998) found a strong negative effect of housing density 
on bird species richness. As housing density increases, remnant areas in urban usually 
become smaller and fragmented and often associated with more roads and traffic (Grayson 
et al., 2007). A study on passerine birds in suburban Perth showed that species richness of 
passerine decline with increasing housing density (Grayson et al., 2007). Moreover, they 
found that small and medium sized insectivores were most affected. Roads and open areas 
can be barriers to many insectivores that preventing them from moving in between (Recher, 
2004). High densities of dwellings and people (high levels of noise) are associated with 
lower levels of bird diversity (Evan et al., 2009; Fontana et al., 2011). This pattern is 
exhibited in rural-urban gradient study (Blair, 1996; Chace & Walsh, 2004; Mckinney, 2006). 
Conversely, in United Kingdom, Tratalos et al. (2007) study suggested that 
intermediate housing density over large area of land will result in higher bird density than 
those with greater housing density. Similarly, they found that species richness increases as 
housing density increases. However, richness decline with over compactness of housing 
density. These patterns show that bird species richness was at the peak level at moderate 
housing density.  
2.7 Correlation of Birds and Carnivore Density  
All the members of domestic cat belong to one species, Felis catus. They are 




been distributed worldwide (Florida Fish and Wildlife Conservation Commission, 2019). 
The members of domestic dog belong to Canis familiaris. Dogs are known to chase and 
harass birds that are likely to cause negative effect on some species (Parsons et al., 2006). 
They both are common terrestrial carnivores and could have impact on several wildlife 
including birds in urban area (Krauze-Gryz & Gryz, 2014).  
The domestic cat can be counted as the most widespread carnivore on earth and also 
the most abundant carnivore inhabiting on terrestrial ecosystems (Ebenhard, 1988). Van 
Heezik et al. (2009) claimed that domestic cats can exist in high density in urban and are 
known to kill significant number of preys. Free-ranging cats on islands have caused 14% of 
modern bird, mammal and reptile extinct (Medina et al., 2011). At least one million 
American birds are estimated to be killed by cats (Dauphine & Cooper, 2009). Baker et al. 
(2005) suggested that cats are major cause of mortality for some bird species (e.g., House 
Sparrow Passer domesticus and Starlings Sturnus vulgaris). 
The domestic cats are predator which hunt and receive regular supplementary food 
and care from humans (Sims et al., 2008). Due to human assistance the domestic cat 
population density is not limited by food availability, shelter or disease (Baker et al., 2005). 
Their numbers are especially high in urban areas and frequently seen near areas with easy 
access to food like restaurants and grocery stores.  
Approximately 600 million domestic cats exist in the world today (O’Brien & 
Johnson, 2007) and have been listed among 100 worst invasive species in the world (Lowe 
et al., 2000). Cats can switch their main prey animals to other animals according to 
availability (Kays & DeWan, 2004), birds may be their preference but if the numbers of bird 
decline, they may switch their attention to rodents (Bloomer & Bester, 1990). According to 




habitat composition within their feeding territory. Cats in urban areas may prey more on 
birds.  
In Finland, rodents were the most common prey by cats (72%), followed by birds 
(18%), insectivores (5.4%) and the other mammals, reptiles and amphibians (Kauhala et al., 
2015). Off the 18% of bird species, about 50% of birds were Passeriformes. Conversely, 
Grayson et al. (2007) found that cat density was not related to passerine species richness, 
instead, their richness was related to other factors such as distance to bushland, size of the 
nearest bushland and housing density. Kauhala et al. (2015) stated that at least 144,000 of 
birds are monthly killed by free-ranging cats. Van Heezik et al. (2009) found that birds were 
the most common type of prey killed by cats (37%). 
Another study by Sims et al. (2008) revealed that cat density was negatively 
correlated with avian species and diversity in cities in Britain. Sims et al. (2008) also found 
a significant negative correlation between bird species richness and cat density. However, 
Baker et al. (2008) and Sims et al. (2008) found that bird and cat densities were positively 
correlated. Positive correlations may arise if the regions with high cat density are those where 
humans provide more food for birds (Sims et al., 2008). The provision of supplementary 
food for birds is likely to drive positive correlations between cat and bird densities, as bird 
feeding is a crucial factor in influencing urban avian assemblages (Galbraith et al., 2015). 
Loss et al. (2013) stated that domestic cats are believed to be the greatest source of 
mortality for birds in United States. They estimated that free-ranging domestic cats kill 1.4 
to 3.7 billion of birds annually and from that estimation un-owned cats which spend all the 
time outdoor caused major mortality. Domestic cats also caused the extinction of 33 bird 
species since 1600s (Winter & Wallace, 2006). Campos et al. (2007) conducted the first 




dried, then examined under a stereomicroscope to separate the contents into categories) in 
Brazil, they found that 16.56% of birds were identified in dog’s scats while 12.83% of birds 
in cat’s scat analysis.   
Limited research has been done on free ranging cats Felis catus and dogs Canis 
familiaris especially in tropical region, for this research, both cat and dog densities were 
estimated to test if they affect bird density, richness as well as diversity.  
2.8 Species Accumulation and Rarefaction Curve 
In ecology, one of the primaries aims of field studies is to estimate the number of 
species occur in an area (Ugland, 2003). Sample-based species accumulation curves are 
plotted from the total number of species sampled within a given area (Gotelli & Colwel, 
2001). Species accumulation curve concerned with the new species, initially the curve rises 
steeply as many species are found in the area, then it goes slowly as fewer rare species found. 
According to Gotelli and Colwell (2011), high species in assemblage and the more even the 
species abundance distribution, the more rapidly the curve rise. However, if the species 
abundance distribution is highly uneven, the curve will rise more slowly. The curve may 
approach an asymptote where it is possible to count all the species present (Colwell & 
Coddington, 1994). In contrast, rarefaction curve produces the expected number of species 
in a small collection of !  individual randomly drawn from large pool of "  individuals 
(Simberloff, 1978). A rarefaction curve always viewed as a statistical expectation of the 
corresponding accumulation curve (Gotelli & Colwell, 2001). Hence, rarefaction allow 





2.9 Species Richness and Diversity 
Species richness, the number of species is the simplest metric used to represent 
diversity (Whittaker, 1972) and is the most commonly used diversity measure (Stirling & 
Wilsey, 2001). Diversity includes both species richness and evenness (Bibi & Ali, 2013). 
Species diversity is often measured by species richness, evenness and diversity 
indices (e.g., Shannon-Wiener and Simpson index) (Stirling & Wilsey, 2001). In this study, 
species diversity was compared among study sites using diversity indices that were Shannon-
Wiener, Hˊ (Shannon & Weaver, 1949) and Simpson index, D (Simpson, 1949). Hˊ assumes 
individuals are randomly sampled from an independent large population and all species are 
represented in the sample. Hˊ is sensitive to species richness and evenness (Peet, 1974) and 
is not strongly affected by rare species (Fager, 1972). It is widely used and Fager (1972) 
claimed that Hˊ has broader sensitivity than D. Species richness is sensitive to rare species 
and D is sensitive to abundant species. (Morris et al., 2014). Bibi and Ali (2013) stated that 
Hˊ usually falls in between 1.5 to 3.5 and is rarely surpasses 4.5, and value nearly 4.6 indicate 
that the number of individuals is evenly distributed among all species. D measures the 
probability that two individuals randomly drawn from the sample belong to the different 









CHAPTER 3  
GENERAL METHODOLOGY 
3.1 Sampling Sites  
Sarawak, the largest state of Malaysia is located on the northwest of Borneo. In this 
study, the study sites cover the western part of Sarawak in Kuching and Samarahan divisions. 
Kuching, the capital of Sarawak is surrounded by many small hills as well as mountains.  
Sarawak has an equatorial climate with temperature range between 23 oC to 32 oC 
and the humidity is constantly high (Sarawak Government, 2016). The northeast monsoon 
usually occurs between November and February that cause heavy rain. Conversely, the 
southwest monsoon between June and October usually warmer. The average rainfall per year 
is in the range of 3,300 mm to 4,600 mm which depends on locality (Sarawak Government, 
2016).  
3.2 Study sites  
Sarawak located at on the north of the equator between latitude 0° 50' and 5° N and 
longitude 109° 36' and 115° 40' E and is covering an area of 124,449.51 km2 (Sarawak 
Government, 2016). The study was conducted in Kuching and Samarahan divisions, western 
Sarawak. Kuching is one of the major cities of Sarawak and is located on the western part of 
Sarawak. Samarahan is located about 30 km of south east Kuching and most of the 
development in Samarahan division is concentrated in Kota Samarahan.   
Thirteen sampling sites were selected, namely Tabuan Park (TP), Samajaya 
Apartments (SA), Stutong Indah (SI), Medan University (MU), Taman Desa Ilmu (TDI), 




Orchid (TO), Taman Polarwood (TW), Taman Timberland (TT), and Taman Sarmax (TS). 
Eight sites out thirteen were located in Kuching (TP, SA, SI, TJB2, TO, TW, TT and TS) 
while another five were located in Samarahan (MU, TDI, UG, ML and RV) (Table 3.1).  
Table 3.1: Study sites in Kuching and Samarahan divisions with area (ha) and land-use type 
provided.  





Land use type 
Kuching TBP 14.54 0.68 residential 
Kuching SA 7.17 0.44 high rise apartment 
Kuching SI 19.66 0.95 residential 
Samarahan MU 3 0.28 residential 
Samarahan TDI 145.76 2.56 residential and high rise apartment 
Samarahan UG 79.52 1.96 residential 
Samarahan ML 2.74 0.26 residential 
Samarahan RV 32.11 1.48 residential 
Kuching TJB2 15.11 0.73 residential 
Kuching TP 11.79 0.55 residential 
Kuching TS 9.7 0.52 residential 
Kuching TT 14.16 0.59 residential 
Kuching TO 1.86 0.16 residential 
Note: *TBP, Tabuan Park; SA, Samajaya Apartments; SI, Stutong Indah; MU, Medan 
Universiti; TDI, Taman Desa Ilmu; UG, Unigarden; ML, Midway Link; RV, Riveria; TJB2, 
Tabuan Jaya Baru 2; TP, Taman Polarwood; TS, Taman Sarmax; TT, Taman Timberland; 
TO, Taman Orchid. 
All sites were partially independent suburban residential areas that were selected 
according to the area sizes, surrounding habitat and accessibility in order to examine bird 
species assemblage. The area size of Taman Desa Ilmu is the largest while Taman Orchid is 
the smallest among the study sites. Samajaya Apartments, Medan Universiti, MidwayLink 
and Taman Polarwood are close to forest patches. However, Medan Universiti and 
MidwayLink are closer to the expressway. Stutong Indah is near to Samajaya Nature Park, 
which consists a peat swamp forest. Tabuan Park, Taman Orchid and Taman Sarmax are just 




to nipa palm (Nypa fruticans) forest. Other sites (TT, UG and TDI) were relatively far (> 
600 m) from forest patches. 
3.3 Data Collection  
In each study sites, both birds and carnivores (cats and dogs) were censused twice a 
month (February 2016 to February 2017), one in the morning and another in the evening 
when bird activities are at maximum (MacKinnon & Phillipps, 1993; Bednekoff & Houston, 
1994), and cats are also known to take most birds in the morning (Barratt, 1997). For 
vegetation, it was censused once in each site.  
3.3.1 Distance Sampling, the Line Transect Method 
Distance sampling, the line transect method was adopted in this study that was widely 
used for estimating density and abundance of biological populations (including various taxa). 
Observer walk at a standardized speed along the known length transect. Each object detected 
were recorded with the distance from the line to the object (perpendicular distance). Various 
assumptions were set in the study. Objects were getting harder to detect with increasing 
distance, hence fewer objects were detected with increasing distance (Thomas et al., 2002). 
The key to distance sampling analyses is to fit a detection function, #(%) to the observed 
distances and use this fitted function to estimate the proportion of objects missed in the 
survey (Thomas et al., 2002). Thomas et al. (2002) defined #(%) as the probability of an 
object at distance % from the line is detected and assume that #(0) = 1 (which is animal on 





The number of transects of a study site were depended on the area of the study site, 
more transects were placed in larger area of study sites so that the length of transects (km2) 
were proportional to the approximate size of the study area (calculated based on Google 
Earth) (Linear regression, R2 = 0.9). Several factors were considered for selecting transects 
which include representation of the site, distance between each transects and accessibility. 
Each transects in a study site were spaced for at least 250 m apart to prevent counting the 
same bird twice (Bibby et al., 1992). 
3.3.2 Bird Census Techniques  
Variable width transects were adopted for counting and estimating the density of 
birds in urban. Observer traversed along predetermined transect twice a month for a period 
of 13 months. Transects followed the existing routes, when observer walking along transects, 
number of bird individuals seen were counted and identified to species level. Birds that flew 
by without stopping were not included in the record. Three measurements were taken for 
each individual sighted: (i) sighting distance (*), sighting angle (+ ) and perpendicular 
distance (%) (Figure 3). Sighting distances were estimated to the nearest metre with the aided 
of rangefinder (Nikon 1200S Laser rangefinder) and angles were estimated using compass.  
The perpendicular distance was measured from the line to each detected individual, 
it was the key to estimate the density and was calculated as:  
% = * sin +,  
where % is the perpendicular distance in metre, * is the sighting angle and + the sighting 















Figure 3.1: Measurements taken for each individual sighted along transect.  
 
Bird species were categorized according to their feeding guilds based on observation 
and literature (MacKinnon & Phillips, 1993).  
3.3.3 Carnivore Census Techniques 
Carnivore were censuses using line transect method as well. Observer traversed 
along transect, at the same time as bird census was ongoing, cats and dogs seen along 
transects were recorded as well in order to estimate their density in all and each site. Likewise, 
the number of individuals were recorded with sighting distance and sighting angle. 
Perpendicular distances were calculated in later using the same formula as above. 
Furthermore, both cats and dogs that were in the cage were excluded in this study.  Analysis 











3.3.4 Vegetation Diversity  
Line transect method was used for vegetation survey. Vegetation along the transects 
in each study areas were identified to species level and 100% enumeration of were done. 
Only roads that were chosen as transect survey for both birds and carnivores were 
enumerated or surveyed. All the woody tree species with diameter at breast height were 
measured using diameter tape. The species diversity was determined using inverse 
Simpson’s Diversity Index (SDI) (Sun, 1992). 
3.3.5 Housing Density  
The housing density measures were calculated using the basic ratio (Landcom project 
teams, 2011):  
/0123!#	56!2378 = 	!19:6*	0;	ℎ01262=*6=	(ℎ=)  
The above calculation was the ratio of the houses to the area of the land they occupy. 
The area of land includes the internal routes and include area of local open space like parks, 
and neighborhood shops within the study sites. The number of houses were calculated with 











THE DIVERSITY AND BIRD SPECIES ASSEMBLAGE IN SUBURB 
RESIDENTIAL AREAS OF KUCHING AND KOTA SAMARAHAN  
4.1 Introduction  
 Conversion of natural landscapes into urban forms that highly covered by buildings, 
housings, heavily fragmented with roads and with high level of edges exposed many animals 
to human proximity (Moller et al., 2012). McKinney (2002) stated that physical changes and 
anthropogenic disturbance in urban landscape strongly influence habitat availability for 
species.  
Urban landscapes provide higher anthropogenic food resources (Shochat et al., 2010), 
and climate of urban landscapes are known to be warmer than its surrounding rural areas 
(Gilbert, 1989) due to urban heat island phenomenon that caused by human activities (Gilbert, 
1989). According to Shochat et al. (2010), such changes have pushed birds in urban 
landscapes to either adapt or disappear, and those adapt well are often contributed by a few 
species to the increase in total densities. These including invasive bird species, also known 
as non-indigenous species which spread from other location and could have impact on native 
bird species (Kolar & Lodge, 2001). Moller et al. (2009) stated that landscape changes has 
negative impact on rare and specialist species while favors generalists. Glazier (1986) 
defined generalists as species with broad environmental tolerance that are less sensitive to 
human disturbance whereas specialists is the opposite. Hence, generalists tend to have higher 
population densities than specialists (Moller et al., 2012). In other words, the ‘urban 
exploiters’ (synanthropes species) that inhabit extensively in urban settings (McKinney, 




abilities, ability to exploit anthropogenic food resource in urban, and thus allows them to 
extensive widespread and attain high in population densities (Marzluff, 2001). 
Urban birds are better adapted to urban than rural environments, even when they are 
introducing into novel areas (Moller et al., 2012). This increase homogenization effect as the 
same urban adaptable species increasingly widespread and abundant in urban habitats 
(McKinney, 2006), and many of which are exotic species (e.g., Eurasian Tree Sparrow, 
Common Myna, Zebra Dove). Moreover, urban environments are tending to be very similar 
(Savard et al., 2000; Clergeau et al., 2001), this causing homogenization extensively 
widespread.  
Behavioral, physiological and ecological flexibility enhance urban bird’s ability to 
tolerate with urban environmental conditions and sometimes thrive in urbanized areas 
(Shochat et al., 2010). For instance, they are able to their adjust behavior in novel 
environment, resist detrimental physiological effects of breeding in urban environment, use 
novel resources like anthropogenic foods or nesting sites (Bonier et al., 2007).  
Food density is generally high in urban environments, either directly from feeders, 
or indirectly from dumping areas. Although, these resources are low in quality and may 
negatively affect bird health and growth, particularly causing nestling malnutrition (Shochat 
et al., 2010). Galbraith et al. (2015) stated that the availability of food resource is a prime 
cause of bird assemblages. Moreover, their studies found that bird feeding benefitted 
introduced bird species with increases in abundance while negatively effect on the 
abundance of native bird species.  
There are 718 bird species reported in Malaysia (BirdLife International, 2019) and 
574 species of birds are reported in Sarawak (Avibase, 2018). Birds are incredibly important 




cycle, agricultural system (regulation of pests), and act as scavenger, pollinator and seed 
disperser (Gaston et al., 2018). Additionally, birds sometimes attract birders, tourists and 
wildlife photographers to the natural environment, and there are bird watching tours in 
Borneo that offers best bird spots for birders which in turn yield income through ecotourism. 
Moreover, birds are often used as bio indicators because they are sensitive to environmental 
changes (Bibi & Ali, 2013), relationship among bird communities, vegetation and territory 
has been demonstrated (Petty & Avery, 1990), easily detected allowing rapid data collection 
on abundance (Haila, 1985). Padoa-Schioppa et al. (2006) mentioned that the mere 
abundance of bird species can be a key parameter to measure the environmental quality of 
an area. Species richness and diversity are important measure of the health of ecosystem 
(Rapport, 1999; Bibi & Ali, 2013).  
This chapter aimed to examine species diversity and feeding guilds of birds in 
suburban residential areas. The specific objectives were: 
i. Estimate bird diversity and richness in selected suburban residential area.  
ii. Determine feeding guilds of birds in selected suburban area.  
iii. Examine bird activities during dry and wet seasons. 
Hypothesis to test on the effect of vegetation diversity on birds: 
Ho1: Vegetation diversity and richness does not increase density, diversity and 
richness of birds.  
HA1: Vegetation diversity and richness increase density, diversity and richness of 
birds. 
Hypothesis to test on the effect of housing density on birds: 




HA2: Housing density does decrease bird density as well as species richness.  
4.2 Materials and Methods  
4.2.1 Study Sites  
The study was conducted in Kuching and Samarahan divisions, western Sarawak. 
Kuching is the capital city and also the largest city in Sarawak. Kota Samarahan is located 
about 30 km from Kuching. Sampling was conducted at spatially separated suburban 
residential areas (n = 13) that varied in size. TDI is the largest site while TO is the smallest 
among the sites. SA is close to secondary forest. MU and ML are closer to the expressway. 
SI is near to Samajaya Nature Park, which consists of peat swamp forest and sometimes 
Long-tailed Macaque from Nature Park can be seen in this area. TP, TO and TS are just 
adjacent to a forest patch. However, TO is relatively small with only one lane, the route is 
small and is near to expressway. Another two sites, RV and TJB2 are adjacent to secondary 
forest and nipa palm (Nypa fruticans) forest. Other sites (TT, UG and TDI) are relatively far 
(> 600 m) from forest patches.  
4.2.2 Bird Census Techniques  
Line transect distance sampling method was used for estimating the abundance of 
bird species. It is a popular and statistically robust method for estimating the abundance of 
organisms (Buckland et al., 2001). This method has been used in many taxa for estimating 
their abundance (Nomani et al., 2012). Nomani et al. (2012) stated that density estimated 
using distance sampling method was within 4.9% of the true density but it varied depending 




Birds were observed along a predetermined transect for a period of thirteen months 
from February 2016 to February 2017. Each site was visited with equal number of times by 
the same observer. To increase the probability of detection, observations were made in the 
early morning (0630 – 0900 hrs.) and late evening (1600 – 1830 hrs.) without rain. Various 
assumptions were set in detectability of birds that apply variable width of transect sampling 
(Bibby et al., 1992), these are: (i) all birds on the route are detected; (ii) birds do not move 
before detection; (iii) distances are measured accurately; (iv) individual birds are counted 
only once; (v) birds are detected independently; (vi) bias from observers, seasons and 
weather is accounted. Birds that flew by without stopping within the transect were not 
recorded. 
The length of transects were proportional to the area of the site (Linear regression, R2 
= 0.9) to ensured good representation of sites. More road transects were selected in larger 
area of study sites so that the length of transects (km2) were proportional to the approximate 
size of the study area (calculated based on Google Earth). Transects were selected in 
accordance with accessibility, following the existing routes. Nevertheless, transects were 
spaced a least 250 m to avoid counting the same birds twice (Bibby et al., 1992). Speed was 
standardized at 1.5 km/h to avoid bias for comparisons between sites. In this study, birds that 
were belonging to the families of Apodidae and Hirundinidae were excluded from the count 
as they were difficult to identify to species level while walking along the transect. Birds 
encountered along transects were identified using binoculars (MEADE 8x42 Glacier). 
Judgement or measurement of the distance (*) in metre (m) was aided by rangefinder (Nikon 
1200S laser rangefinder) and angle (θ) was estimated using a compass. The perpendicular 
distance (χ) from the transect line to the animal was calculated using the formula:  




4.2.3 Classification of Feeding Guilds  
Six feeding guilds were classified in this study: carnivore, frugivore, granivore, 
insectivore, nectarivore and omnivore. Carnivore that fed mainly on flesh of animals (non-
insect animals). Frugivores, the fruit eater fed primarily on fruits. Granivores mainly forage 
on the ground for grain or seed. Insectivore were birds that fed primarily on insects and small 
arthropods. Omnivores are flexible forages that take both plants and animals. The 
classification of feeding guilds was based on literature (MacKinnon & Phillips, 1993) and 
personal observation.  
4.2.4 Bird Activity during Wet and Dry Seasons 
The activity of birds in urban environment was tested by comparing the composition 
of bird species during wet and dry seasons during the 13 months sampled. November to 
February is wet season with usually heavy rain that caused by northeast monsoon while June 
to October is dry season that is usually warmer (Sarawak Government, 2016).  
4.2.5 Species Accumulation and Rarefaction Curve 
Species accumulation curve concerned with the new species, initially the curve rises 
steeply as many species are found in the area, then it goes slowly as fewer rare species found. 
Rarefaction curves of species accumulation were plotted to examine species richness using 
EstimateS 9.1.0 (Colwell et al., 2012). To extrapolate the asymptote of species richness, 
three species richness estimators were applied to the data. The Abundance-based Coverage 
Estimator (ACE) separates rare from abundant groups, and uses the former only to estimate 
the number of missing species. The other two estimators, Chao1 and Jack 1, use the number 




to estimate the number of missing species (Burnham & Overton, 1979; Chao, 1984). These 
species richness estimators were estimated using EstimateS 9.1.0 as well (Colwell et al., 
2012). 
4.2.6 Density Estimation  
Distance sampling, a widely used method for estimating the density of biological 
populations through the recorded distances from a line to objects detected (Thomas et al., 
2010). Perpendicular distances were then calculated from the formula above (Section 4.2.2).  
The density and detection probability of bird species were derived from calculated 
perpendicular distances analyzed using Distance 7 (Thomas et al., 2010). The density was 
estimated by:  
>? = !2ABC!	D
 
Where, > is density (individuals per unit area), ! = number of birds detected, A = 
half of the effective strip width (m), B = total transect length (m), and C!= probability that a 
randomly chosen individual within the surveyed area is detected. 
Distance 7 also estimated the effective strip width (ESW), encounter rates and 
coefficient of variance (CV) as the measure of the uncertainty of the density estimate 
(Thomas et al., 2010). 
The completeness of bird samples was calculated in this study using the 
completeness ratio (E), where:  




If all bird species were well sampled, the expected value of E should be close to one 
(Soberon et al., 2000). 
4.2.7 Species Diversity and Evenness 
Species richness, the number of species is the simplest metric used to represent 
diversity (Whittaker, 1972). Diversity includes both species richness and evenness (Bibi & 
Ali, 2013). Evenness, the similarity in species relative abundance is another important 
component in diversity indices (Hill, 1973; Krebs, 1999) that is on scale ranging from nearly 
0 (low evenness or high single-species dominance) to 1 (equal abundance of all species) 
(Morris et al., 2014).  
In this study, species diversity was compared among sites with the computed 
diversity indices that were Shannon-Wiener, Hˊ (Shannon & Weaver, 1949) and Simpson 
index, D (Simpson, 1949). PAST 3 was used in this study in order to estimate species 









4.3 Results  
Sampling saturation was achieved for most of the sites by the 24th transect sample. 
However, overall sampling saturation for species observed was achieved earlier during the 
11th transect sample (Figure 4.1; Figure 4.2).  
 
Figure 4.1: Cumulative species as the bird survey increased for all sites and each of the 
study area. Acronyms: *TBP, Tabuan Park; SA, Samajaya Apartments; SI, Stutong Indah; 
MU, Medan Universiti; TDI, Taman Desa Ilmu; UG, Unigarden; ML, Midway Link; RV, 
Riveria; TJB2, Tabuan Jaya Baru 2; TP, Taman Polarwood; TS, Taman Sarmax; TT, Taman 













































Figure 4.2: Rarefaction curve of bird species recorded in suburb residential throughout the 
sampling period. Vertical bars describe standard deviation of species estimated. 
 
Some areas (e.g., TO and TT) were achieved earlier than that as well, however some 
residential areas (e.g., SI, TJB2 and RV) with higher vegetation types (including plants and 
fruit trees) required additional sampling effort to reach the asymptote. On the other hands, 
both richness estimators (ACE and Chao 1) estimated 34 species while Jack 1 estimated 35 
species of birds over 26 survey periods (Figure 4.3).  
 
Figure 4.3: Cumulative species observed, and estimated species richness based on sample-













































The completeness ratio (C) was 0.99, suggesting that most of the species present in 
each suburb residential areas were detected. 
4.3.1 Community Composition of Birds in Suburb Residential Areas  
Bird survey with a total of 179.8 hours of observations along 290.2 km of transect 
giving a total of 7851 observations. A total of 34 bird species representing 22 families were 
encountered. Out of the 10 most commonly observed species, four were historically 
introduces in Sarawak (in the order of decreasing abundance: Eurasian Tree Sparrow Passer 
montanus (25.9%), Common Myna Acridotheres tristis (12.7%), Zebra Dove Geopelia 
striata (5.9%) and Javan Myna Acridotheres javanicus (2.4%) (Table 4.1).  
Table 4.1: Ten most abundant bird species in 13 urban landscape in Kuching and Samarahan 
divisions. 
There were six generalist species that were encountered in all areas including 
Eurasian Tree Sparrow Passer montanus (n = 2037), Spotted Dove Spilopelia chinensis (n 
= 1590), Asian Glossy Starling Aplonis panayensis (n = 1159), Common Myna Acridotheres 
tristis (n = 999), Zebra Dove Geopelia striata (n = 465), and Yellow-vented Bulbul 
Pycnonotus goiavier (n = 416). There were one singleton and two doubletons appears in this 
Common name Species name Relative abundance 
Eurasian Tree Sparrow Passer montanus 25.9 
Spotted Dove Spilopelia chinensis 20.2 
Asian Glossy Starling Aplonis panayensis 14.8 
Common Myna Acridotheres tristis 12.7 
Zebra Dove Geopelia striata 5.9 
Yellow-vented Bulbul Pycnonotus goiavier 5.3 
Black-headed Munia Lonchura atricapilla 3.9 
Javan Myna Acridotheres javanicus 2.4 
White-breasted Waterhen Amaurornis phoenicurus 1.8 
Olive-backed Sunbird Cinnyris jugularis  1.6 




recorded bird list, they were represented by Orange-bellied Flowerpecker Dicaeum 
trigonostigma, Ashy Tailorbird Orthotomus ruficeps and Greater Coucal Centropus sinensis. 
All species are categorized as Least Concern by IUCN (2016) though five species are 
categorized as ‘Protected Species’ according to the Sarawak Wild Life Protection Ordinance 
(1998) (Table 4.2). 
The mean total bird density on all birds observed was 7.5 ind. ha-1 (SE = 0.305, CV 
= 4.07%, n = 13 sites). The detection probability was 2.5% with an encounter rate of 92.9%. 














Table 4.2: Bird species observed throughout the study with guild assignments and their conservation status according to Sarawak Wildlife 
Protection Ordinance (SWLPO) (1998). 







Charadriiformes Actitis hypoleucos Common Sandpiper 0.27 NL C 
Ciconiiformes Ixobrychus cinnamomeus Cinnamon Bittern 0.06 P C 
 
Mesophoyx intermedia Intermediate Egret 0.19 P C 
 
Egretta garzetta Little Egret 0.18 P C 
Columbiformes Treron vernans Pink-necked Green-Pigeon 0.84 NL F 
 
Columba livia Rock Pigeon 0.10 NL G 
 
Spilopelia chinensis Spotted Dove 20.25 NL G 
 
Geopelia striata Zebra Dove 5.92 NL G 
Coraciiformes Todiramphus chloris Collared Kingfisher 0.42 P C 
Cuculiformes Centropus sinensis Greater Coucal 0.03 NL O 
Galliformes Gallus gallus Red Junglefowl 0.04 NL O 
Gruiformes Amaurornis phoenicurus White-breasted Waterhen 1.81 NL O 
Passeriformes Aegithina tiphia Common Iora 0.05 NL I 
 
Artamus leucorynchus White-breasted Woodswallow 0.60 NL I 
 
Lalage nigra Pied Triller 0.27 NL O 
 
Orthotomus ruficeps Ashy Tailorbird 0.03 NL I 
 




a NL, not listed; P, protected. b C, carnivore; F, Frugivore; G, granivore; I, insectivore; N, nectarivore; O, omnivore. 
 
Table 4.2 continued 
 
Dicaeum trigonostigma Orange-bellied Flowerpecker 0.01 NL O 
 
Lonchura atricapilla Black-headed Munia 3.88 NL G 
 
Lonchura fuscans Dusky Munia 0.28 NL G 
 
Lonchura punctulata Scaly-breasted Munia 0.24 NL G 
 
Lanius schach Long-tailed Shrike 0.29 NL C 
 
Copsychus saularis Magpie Robin 0.36 NL I 
 
Aethopyga siparaja Crimson Sunbird 0.08 NL N 
 
Anthreptes malacensis Brown-throated Sunbird 0.51 NL N 
 
Nectarinia jugularis Olive-backed Sunbird 1.57 NL N 
 
Passer montanus Eurasian Tree Sparrow 25.95 NL G 
 
Pycnonotus goiavier Yellow-vented Bulbul 5.30 NL O 
 
Rhipidura javanica Pied Fantail 0.17 NL I 
 
Aplonis panayensis Asian Glossy Starling 14.76 NL O 
 
Acridotheres tristis Common Myna 12.72 NL O 
 
Acridotheres javanicus Javan Myna 2.36 NL O 
 
Zosterops palpebrosus Oriental White-eye 0.34 NL F 




Table 4.3: Bird density and diversity for each 13 sampling sites in urban residential areas of western Sarawak. Acronyms for sites are given 








Note: *TBP, Tabuan Park; SA, Samajaya Apartments; SI, Stutong Indah; MU, Medan Universiti; TDI, Taman Desa Ilmu; UG, Unigarden; ML, 






Site TBP SA SI MU TDI UG ML RV TJB2 TP TS TT TO 
Area (ha) 14.54 7.17 19.66 3 145.76 79.52 2.74 32.11 15.11 11.79 9.7 14.16 1.86 
Transect length (km) 0.68 0.44 0.95 0.28 2.56 1.96 0.26 1.48 0.73 0.55 0.52 0.59 0.16 
Observations 769 473 687 236 1188 593 157 683 858 355 497 1166 198 
Species richness 22 16 21 10 16 18 12 22 24 14 17 14 11 
Number of families 15 12 11 6 10 11 7 13 16 6 9 8 11 
Bird density ind. ha-1 13.34 13.78 8.29 8.27 6.81 3.94 8.67 4.94 13.63 3.15 16.38 25.52 18.54 
Simpson λ 0.84 0.69 0.78 0.75 0.76 0.79 0.81 0.88 0.88 0.85 0.86 0.68 0.8 
Shannon H' 2.17 1.66 1.88 1.68 1.74 1.86 1.9 2.39 2.45 2.1 2.18 1.56 1.89 




4.3.2 Guild Richness and Abundance in Suburb Residential Areas  
Omnivores were the most species-rich feeding guild (9 species) followed by 
granivore and carnivore and insectivore (Figure 4.4), while in term of abundance, granivore 
was the most abundant and followed by omnivore. The abundance of granivore was 
dominated by Eurasian Tree Sparrow and Spotted Dove. These two species represented 81.6% 
of the granivore. Similarly, Asian Glossy Starling and Common Myna represented 73.7% of 
omnivore and thus they have increased the guild abundance. Guild richness of frugivore and 
nectarivore were relatively low in suburb residential (Table 4.4). 
 





























Table 4.4: Cumulative species richness and relative abundance of birds of different feeding 
guilds. 
  No. of species (n) Relative abundance (%) 
(a) Residency status  
Native 29 52.9 
Introduced 5 47 
(b) Guild   
Carnivore 6 1.41 
Frugivore 2 1.18 
Granivore 7 56.54 
Insectivore 6 1.3 
Nectarivore 3 2.15 
Omnivore 9 37.26 
Frugivore/Insectivore 1 0.04 
 
The abundance of introduced species were really high in urban landscape. With a 
total of 34 species, five were introduced, but they comprise 47% of the total observations 
although they only represent 14.7% of the total bird species richness.  
4.3.3 Bird Activity during Dry and Wet Seasons 
The northeast monsoon usually occurs between November and February that cause 
heavy rain. Conversely, the southwest monsoon between June and October usually warmer 





Figure 4.5: Curve showing the number of birds and bird species along 13 months survey 
period. 
 
The number of bird species observed in a year survey showed no influence during 
wet and dry seasons (Figure 4.5). Conversely number of birds observed was lower from 
August to December. Similarly, the number of birds observed was lower as well in year 2017 



































4.4 Discussion  
Throughout the twenty-six surveys, there were six common bird species ubiquitous 
presence in all study sites along the survey period which were Eurasian Tree Sparrow, 
Spotted Dove, Asian Glossy Starling, Common Myna, Zebra Dove and Yellow-vented 
Bulbul (in accordance with abundance). Notably, this six generalist bird species adapted so 
well in suburban residential and well associated with human habitations. The exotic Eurasian 
Tree Sparrow was the most frequent species, and this was consistent with the study in Kuala 
Lumpur, Malaysia (Baharuddin et al., 2014). This species has adapted well in Borneo urban 
landscape (Smythies, 1999; Phillipps & Phillipps, 2014). They usually forage on leftover 
food, feed on grains and food scraps. Through the observation survey, this species often 
found on ground especially on roadside grassland and usually in flocks. Similarly, Spotted 
Dove also feed on grains and scarps and dove were seen in alone or in small flocks. They 
normally perch on electrical wire, lamp post and cable pole. Thirdly, Asian Glossy Starling 
that was regarded as pest by many residents because they often seen in large flocks and eat 
on planted fruits especially papaya in residential area. Another exotic species Common 
Myna feeds on fruits, berries and insects (Long, 1981) and use variety of nest holes like holes 
in tree trunk, drainage holes in retaining wall, holes in building, crevices in structure such as 
lamp post, air conditioner and disused vehicle (Kang et al., 1990). This species often seen in 
pair. According to Pell and Tidemann (1997), Common Myna that nests in tree hole might 
compete with native hole-nesting species that causes decline in native species. For instance, 
mynas caused the decline of Oriental Magpie Robin Copsychus saularis in Singapore 
(Huong & Sodhi, 1997).  
The overall bird species recorded was lower than that reported in university campus 




at our study sites whereas Voon et al. (2014) recorded 2.5. Study of Voon et al. (2014) in 
university campus is surrounded by mixed dipterocarp, mangrove and peat swamp forests, 
suggesting that the bird species richness of suburbs is linked to habitat heterogeneity of the 
surrounding matrix. Another previously published study of Sze et al. (2018) that covering 
Kuching and Samarahan divisions recorded 51 bird species that was higher as well compared 
with this study. Transects surveyed of Sze et al. (2018) was longer and standardized at 3 km 
each that covered bigger area of survey with different habitats (buildings, campus, lakes, 
parks, paddy fields and etc.), whereas this study surveyed at spatially separated suburban 
residential areas. Obviously, species richness of suburban residential areas was lower 
compared to other habitats, yet the present of generalists (e.g., Eurasian Tree Sparrow, Asian 
Glossy Starling, Yellow-vented Bulbul) were similar in these studies.  
In this survey, five introduces species were observed. This include Eurasian Tree 
Sparrow, Common Myna, Zebra Dove, Javan Myna and Rock Pigeon (Yap & Sodhi, 2004), 
this was compatible with Sze et al. (2018). They comprised of birds from the family of 
Columbidae, Passeridae and Sturnidae. Relative abundance of these species accounted for 
47% that was nearly the abundance of native species, suggesting that these exotic urban 
exploiter species adapted and thrived well in suburban residential especially sparrow, myna 
and dove that elevated exotic abundance as well as overall bird relative abundance. Menon 
& Mohanraj (2016) mentioned that exotic species were often known to agglomerate in 
densely packed residential place, commercial sites and waste disposal areas. Anthropogenic 
elements like tall buildings, lamp post and cable poles in urban landscapes attract birds. 
These elements were often used for roosting and nesting for exotic species. In addition, tall 
buildings provide better view for sighting of food resources and to avert from predators as 




Bird density in suburb residential varied among sites from 3.2 ind. ha-1 in TP to 25.5 
ind. ha-1 in TT.  The number of Spotted Dove had elevated the density of birds in TT due to 
bird feeding. Along the survey, residents in this area were seen to provide food on ground 
that had attracted dove and sparrow to feed on it. This implying that bird feeding restructures 
urban bird communities (Fuller et al., 2008; Galbraith et al., 2015). A study for Galbraith et 
al. (2015) stated that feeding regime negatively affect native species, whereas supporting 
increased in density of exotic birds in urban landscape. The smallest sites, TO have higher 
density compared to other areas. According to Johnson (2001), this may be overestimated as 
density estimation for small areas may yield bias estimates because small denominators in 
the ratio of birds to area give rise to high variability.  
Contrary, bird species richness ranged from 10 species in MU to 24 species in TJB2 
that were represented by different study sites. MU is small among the sites and is next to 
expressway with high traffics and noise. Species recorded were commonly seen urban 
species in almost every residential site (e.g., Eurasian Tree Sparrow, Asian Glossy Starling 
and Yellow-vented Bulbul). TJB2 is adjacent to a secondary forest as well as nipa palm 
forest, recorded species (insectivore and nectarivore species) that were not commonly seen 
in other studied residential sites (e.g., Common Iora, Yellow-bellied Prinia and Oriental 
White-eye).  
The species composition of urban birds was dominated by omnivore, followed by 
granivore, carnivore and insectivore. Frugivore were relatively low in species composition 
as well as guild abundance, this implying that fruit trees in suburb residential might not fulfill 
or inadequate, or suburb residential habitat with highly fragmented roads are not suitable for 
frugivore, while favoring omnivorous species like Asian Glossy Starling that often seen to 




density and with greater numbers of small fruited ornamental plants. In term of abundance, 
granivore was on top, suggesting that seeds are ample food resource in urban habitats. This 
is in contrast with Voon et al. (2014) in UNIMAS campus, where carnivores were the highest, 
followed by omnivores and insectivores, suggesting that man-made lakes in campus provide 
food sources for carnivore species like kingfishers and egrets.  
However, this study is consistent with Lim and Sodhi (2004) in Singapore, where 
most common urban species were dominated by granivore and omnivore. They stated that 
granivores are thriving well in man-made habitats than insectivores. Granivores are easily 
found especially on ground floor of commercial buildings and shop lots, disposed areas and 
small drains probably because of more anthropogenic food due to littering, deliberate feeding 
and improper waste handling. These anthropogenic food sources (e.g., grains, leftover foods 
and trash) were exploited by Eurasian Tree Sparrow and Spotted Dove that occupy 81.6% 
of the granivore and thus elevated the guild abundance. Likewise, Asian Glossy Starling and 
Common Myna represented 73.7% of omnivore.  
The urban bird density in each study sites were mostly dominated by urban exploiters 
like Eurasian Tree Sparrow, Common Myna, Spotted Dove and etc. which were granivore 
and omnivore that adapted really well and they are not dependent on natural food resources. 
Furthermore, feeding or supplementary of food were noted in some of the study sites which 
increased the density of certain bird species like dove. Moller et al. (2009) claimed that urban 







CHAPTER 5  
THE INFLUENCE OF VEGETATION HETEROGENEITY ON BIRD SPECIES 
RICHNESS, DIVERSITY AND DENSITY IN SUBURB RESIDENTIAL AREAS OF 
KUCHING AND KOTA SAMARAHAN 
5.1 Introduction  
There are 718 species of birds in Malaysia (BirdLife International, 2019). About 576 
species of birds were found in Sarawak (Avibase, 2018). Urbanisation affects habitat 
structure and bird community, bird species richness was estimated to decrease with the loss 
of natural habitat and reduction in resource availability (Chace & Walsh, 2006).  
Several studies have shown some general patterns on how urbanisation influences 
bird community: (i) bird species richness and diversity decrease along urban gradient (from 
moderate to densely built areas) (Clergeau et al., 2006) (ii) bird abundance tends to increase 
along same gradient (Clergeau et al., 1998) that causal species homogenization (Clergeau et 
al., 2006) (iii) specialist group decrease with increasing urbanisation (Clergeau et al., 1998; 
Devictor et al., 2007). 
Birds and vegetation both play an important role among each other. Trees provide 
resources, nesting, roosting sites and habitat to birds and in another way, birds do benefit 
trees through cross pollination and seed dispersal (Kaur & Kumar, 2018). Insectivorous birds 
eat insects that may harm the trees (Mathew et al., 1983). This interrelationship is important 
in order to maintain a healthy ecological balance. The number and type of vegetation shapes 
bird diversity in urban area (Chace & Walsh, 2006). Urban area with more vegetation support 




Study claimed that relative abundance of birds is influenced by the presence of 
vegetation community, food resources and habitat structural complexity (Rajpar & Zakaria, 
2011). Faanes (1987) stated that bird community structure on a particular tree species 
dependent upon the characteristics of the trees and also various features of habitat in vicinity. 
Alexander et al. (2008) claimed that composition, foliage density and complexity of trees 
affect the availability of resource to birds and in turn influence bird abundance and richness. 
The amount of the food resources also affects the bird assemblage, study claimed that 
availability and diversity of food resources affects abundance of frugivorous birds (Kissling 
et al., 2007), whereas availability of prey resources affects species richness of insectivorous 
birds (Capinera, 2011). For instance, Ficus trees attract frugivorous and omnivorous birds 
(Kaur & Kumar, 2018). About 60 bird species feeding on figs in Malaysia lowland forest 
(Lambert, 1989).   
Trees and vegetation provide good look and benefits to urban area (Sreetheran et al., 
2006) with a positive influence on both people and bird populations (Silva et al., 2015). 
Trees improved air and water quality, improved appearance, decreased heating and increased 
property resale values (Sreetheran et al., 2006) as well as provide habitat and food for 
wildlife that including birds (Kaur & Kumar, 2018). Furthermore, trees provide pleasing 
neighbourhood. Popular tree species for tree planting and landscaping in Malaysia were 
included Pterocarpus indicus (Angsana), Peltophorum pterocarpum (Yellow flame), 
Samanea saman (Rain tree), Cinnamomum iners (Kayu manis), Lagerstroemia speciosa 
(Bungor) and etc. (Sreetheran et al., 2006).   
Despite green areas promote benefits with positive influence on bird populations, 
however, species richness also depends on heterogeneity and structural complexity of 




as indigenous trees are known to support higher proportion of bird communities than exotic 
trees (White et al., 2005; Lerman et al., 2008; Kaur & Kumar, 2018). Antos et al. (2003) 
stated that transitions of streetscapes from native to exotic reduced the population of 
insectivorous. A study in city of Chile found that 75.2% of vegetation species was 
represented by exotic species, and the study showed that native bird species richness 
responded negatively to vegetation diversity (Silva et al., 2015). Indigenous trees provide 
services which already part of local ecology while not for exotic trees and so exotic are not 
encouraged. Hence, does not necessarily larger area supports higher diversity, vegetation 
structure should not be neglected while it is important to study and to know better on their 
influence on urban bird communities.  
Another independent variable, housing density was estimated in this chapter to test 
if it influences bird assemblages. Global human population is expected to grow from 7.7 in 
2019 to 9.7 billion in 2050 (United Nations, 2019) resulting in high demand of housing to 
support the populations, and this exerts enormous pressures on landscapes that brings major 
effects in ecosystem (Tratalos et al., 2007). Study from Silva et al. (2015) stated that native 
bird species richness and abundance were negatively influenced by building density while 
total abundance responds positively with building density. However, Tratalos et al. (2007) 
found different patterns in species richness and abundance with housing density.  
Species richness and diversity are generally considered reliable indicators for 
environmental conditions (Rapport, 1999; Bibi & Ali, 2013) and birds are often a good 
indicator of environmental quality (Fontana et al., 2011). This chapter examined the 
correlation of bird richness, diversity and abundance to detailed components of urban form 
such as (i) vegetation heterogeneity and (ii) housing density. Previous studies have been 




bird community. However, little work has been done in western Sarawak.  The objectives 
were as followed: 
i. Examine how the structure and composition of urban bird communities varies in 
relation with vegetation diversity and richness.  
ii. Investigate if housing density influences urban bird assemblage. 
5.2 Materials and Methods  
5.2.1 Vegetation Survey Technique  
Transects followed the routes for bird survey. The trees planted along the transects 
in each study areas were identified to species level and 100% enumeration of trees were 
completed. Diameter at breast height (DBH) were measured and recorded.  
The species diversity of the trees was determined using inverse Simpson’s Diversity 
Index (SDI):  
SDI= Ʃ	#$	(Ʃ	#$&')Ʃ	#$	(#$&')  
Nj= number of individuals in the jth (j = 1, 2…n) group (species /genus) 
Simpson’s diversity index integrates both richness of group and evenness of group 
distribution in a given roadside tree population (Sun, 1992). It refers as probability that two 
trees chosen randomly and independently from the population fall into the same group (Sun, 
1992). The greater the SDI, the higher the species diversity.  
Furthermore, vegetation species were then categorized into two group that was 
indigenous and exotic species. Indigenous species refer to a plant’s status and is defined as 




analysis was analysed using SPSS Version 20.0 to test if these correlate with bird density 
and diversity. 
5.2.2 Test of Correlation with Vegetation Diversity and Urban Bird Assemblage 
SPSS Version 20.0 (IBM Corporation, 2011) was used to analyse the regression 
model to examine correlation of vegetation and housing density with birds in suburbs. Linear 
regression model attempt to describe the linear relation of two variables: independent 
variable, " and dependent variable, # (also known as response variable) that is defined by 
the equation: # = $	 + 	'", where " is the independent variable, # the dependent variable, 
$ the intercept and ' the slope. Regression line enables to predict the value of # from that 
of ". The slope b is also known as regression coefficient. 
5.3 Results  
5.3.1 Vegetation Diversity in Suburb Residential Areas 
A total 1331 of plants comprising 95 species were enumerated from thirteen study 
sites. Of these, 27 species were native species and 68 were introduced species. The total 
species diversity index (SDI) of the study sites was 14.42 (Table 5.1).  
Of the total, three species of trees were identified as commonly planted across study 
area. From the commonly planted species, Syzygium myrtifolium (Kelat Paya) were the 






Table 5.1: Species diversity index of plants in 13 suburb residential areas of Kuching and 
Kota Samarahan. 
Species Number of plant (n) Nj-1 Nj(Nj-1) 
Acacia mangium 3 2 6 
Acalypha wilkesiana 1 0 0 
Adenium obesum 5 4 20 
Adonidia merrillii 3 2 6 
Agave angustifolia 6 5 30 
Allamanda cathartica 10 9 90 
Alpinia purpurata 1 0 0 
Ananas comosus 2 1 2 
Andira inermis 35 34 1190 
Annona squamosa 5 4 20 
Araucaria heterophylla 2 1 2 
Archontophoenix alexandrae 11 10 110 
Artocarpus heterophyllus 1 0 0 
Asplenium nidus 4 3 12 
Averrhoa bilimbii 2 1 2 
Azadirachta indica 1 0 0 
Bambusa vulgaris 2 1 2 
Bismarckia nobilis 1 0 0 
Bougainvillea spp. 65 64 4160 
Bucida molineti 31 30 930 
Caesalpinia pulcherrima 2 1 2 
Callistemon splendens 8 7 56 
Carica papaya 79 78 6162 
Caryota spp. 10 9 90 
Casuarina equisetifolia 16 15 240 
Catharanthus roseus 3 2 6 
Cheilocostus speciosus 3 2 6 
Chrysalidocarpus lutescens 16 15 240 
Cinnamomum iners 24 23 552 
Citrus maxima 1 0 0 
Cocos nucifera 198 197 39006 
Codiaeum variegatum 2 1 2 
Cordyline fruticosa 1 0 0 
Cordyline terminalis 15 14 210 
Cosmos sulphureus 1 0 0 
Cyrtostachys renda 43 42 1806 
Dillenia suffruticosa 3 2 6 
Dracaena fragrans 56 55 3080 
Dracaena marginata 2 1 2 
Duranta erecta 8 7 56 
Erythrina crista-galli 2 1 2 




Table 5.1 continued 
   
Euphorbia milii 1 0 0 
Ficus lyrata 2 1 2 
Filicium decipiens 20 19 380 
Galphimia glauca 1 0 0 
Heliconia aurantiaca 6 5 30 
Heliconia rostrata 2 1 2 
Hibiscus rosa-sinensis 28 27 756 
Ixora coccinea 41 40 1640 
Jatropha podagrica 2 1 2 
Juniperus chinensis 3 2 6 
Khaya senegalensis 6 5 30 
Lagerstroemia speciosa 21 20 420 
Licuala grandis 15 14 210 
Loropetalum chinensis 7 6 42 
Mangifera indica 38 37 1406 
Manihot esculenta 11 10 110 
Mimusops elengi 6 5 30 
Morinda citrifolia 3 2 6 
Moringa pterygosperma 2 1 2 
Nephelium lappaceum 6 5 30 
Nerium indicum miller 1 0 0 
Nerium oleander 1 0 0 
Passiflora edulis 1 0 0 
Peltophorum pterocarpum 2 1 2 
Phoenix roebelenii 4 3 12 
Podocarpus macrophyllus 4 3 12 
Polyalthia longifolia 4 3 12 
Pometia pinnata 14 13 182 
Plumeria alba 1 0 0 
Plumeria pudica 1 0 0 
Ptychosperma macarthurii 9 8 72 
Punica granatum 6 5 30 
Quisqualis indica 3 2 6 
Ravenala madagascariensis 4 3 12 
Roystonea regia 21 20 420 
Russelia equisetiformis 1 0 0 
Sansevieria trifasciata 1 0 0 
Samanae saman 7 6 42 
Saccharum officinarum 11 10 110 
Solandra congiflora 1 0 0 
Spondias dulcis 5 4 20 
Syzygium myrtifolium 220 219 48180 




Table 5.1 continued 
   
Tabebuia rosea 26 25 650 
Tabernaemontana corymbosa 10 9 90 
Tagetes erecta 1 0 0 
Tecoma stans 1 0 0 
Terminalia catappa 5 4 20 
Thuja orientalis 19 18 342 
Veitchia merrillii 11 10 110 
Wodyetia bifurcata 6 5 30 
Wrightia religiosa 18 17 306 
Zamia furfuracea 2 1 2 
TOTAL 1331 1236 113884 
SDI                   14.45 
 
The distribution of DBH classes for all the measured trees ranging from 5 cm < DBH 
< 70 cm (Figure 5.1). Most of the trees in study sites were in the class of 10.1 cm to 20 cm.  
 
Figure 5.1: Distribution of DBH for measured trees in 13 suburbs residential sites. 
 
Among 13 study sites, SI had the highest plant species richness (44 species) as well 
as tree species richness. It was followed by TJB2 (40 species), RV (37 species) and TT (37 



















(12.63) (Table 5.2). Simpson diversity index eliminated singleton and so those species that 
were represented by only one individual were eliminated, thus, highest richness and diversity 
index were represented by different sites. Notably in this urban residential survey, exotic 
plant species representing 72 % of the total including trees and shrubs species were far more 




Table 5.2: Plant species richness and basic quantitative attributes of plants in 13 suburb residential sites of western Sarawak. 
Quantitative attributes TBP SA SI MU TDI UG ML RV TJB2 TP TS TT TO 
No. of plant species 26 4 44 12 32 21 18 37 40 17 25 37 20 
Area, A (ha) 14.54 7.17 19.66 3 145.76 79.52 2.74 32.11 15.11 11.79 9.7 14.16 1.86 
Simpson diversity index, 
SDI 3.22 1.23 12.63 4.44 6.4 7.68 7.3 14.23 13.6 8.48 11.8 9.05 2.36 
              
Tree statistics              
No. of trees 57 115 89 33 191 135 21 128 108 82 33 74 10 
No. of tree species 10 4 27 10 18 16 8 20 23 10 17 18 6 
Indigenous tree, % 66.67 25 28.57 60 61.11 48.86 50 27.77 42.11 40 53.33 37.5 16.67 
Tree density, N/A (tree/ha) 3.92 16.04 4.53 11 1.31 1.7 7.66 4 7.15 6.87 3.4 5.23 5.38 
Tree Simpson diversity 
index, SDI 1.76 1.23 7.71 3.74 3.23 7.2 2.73 8.91 7.04 5.99 6.6 3.58 2.86 
              
Shrub statistics              
No. of shrub species 16 0 17 2 14 5 10 17 17 7 8 19 14 
Shrub Simpson diversity 
index, SDI 9.6 0 7.77 1.33 4.6 2.33 6.08 6.01 9.68 2.64 5.23 8.85 1.89 
*TBP, Tabuan Park; SA, Samajaya Apartments; SI, Stutong Indah; MU, Medan Universiti; TDI, Taman Desa Ilmu; UG, Unigarden; ML, 






Table 5.3: Number of plant species recorded according to growth form along the transect 
survey in 13 residential sites. 
Growth form Indigenous Exotic Total 
Trees 17 (33%) 34 (67%) 51 
Shrubs 10 (23%) 34 (77%) 44 
Total 27 (28.4%) 68 (71.6%) 95 
 
5.3.2 The Influence of Surrounding Vegetation Diversity on Birds in Suburb 
Residential Areas 
Regression tests showed that there was a significant relationship between number of 
plant species and bird species richness as well as number of tree species and bird species 
richness (P < 0.05) (Figure 5.2). Variables of tree species and bird species richness had 













Figure 5.2: Regression plots of bird species richness and density against vegetation variables.  
 
A multiple regression analysis was tested on bird species richness with two 
independent variables (tree species richness + number of trees). The test was marginally 
significant (P = 0.04, R2 = 0.47), equation: bird species richness = (0.357) Tree species 
richness + (0.021) number of trees + 9.664.  




















No. of plant species





















No. of plant species




















No. of tree species





















No. of tree species




















Tree density, tree ha-1

























5.3.3 The Influence of Housing Density on Bird Species Assemblage  
Housing density showed no significant influence on urban birds in this study (P > 
0.05) (Figure 5.4). An outlier in regression plot for bird species richness and housing density 
above was represented by SA, housing type was apartment, which was different from other 
study sites. Similarly, distance to the nearest forest patches had no influence on bird species 
assemblages (Table 5.5).  
 
Figure 5.3: Plot of regression for bird species richness and housing density showing no 
significant relationship (F1,12 = 0.01, R2 = 0.001, P = 0.93).  
5.4 Discussion  
The species richness of woody tree species recorded in each suburb residential areas 
ranging from 4 to 27 species, were well below that of study in Kuching north city with 176 
species of roadside trees recorded and Universiti Malaysia Sarawak UNIMAS (28 species) 
(Zainudin et al., 2012). Inverse Simpson Index of diversity of plant species was 14.45, and 
























city (21.0), but higher than other Asian countries including Hong Kong (12.7) and Fujian, 
China (6.0) (Jim, 1992; 1999).  
Woody tree species planted in suburb residential places were dominated by the 
family Palmae (13 species) and Leguminosae (6 species). Tree species commonly planted 
across study sites were Cocos nucifera, Carica papaya, Mangifera indica and Syzygium 
myrtifolium. Top three abundant tree species were Syzygium myrtifolium, Cocos nucifera and 
Carica papaya, and top three abundant shrub species were Bougainvillea spp., Dracaena 
fragrans and Ixora coccinea. Syzygium myrtifolium was recorded the highest in SA that 
accounted 46.4% of the total. Exotic plant species far more exceeded indigenous plant 
species in whole study area. The two popular species Mimusops elengi and Cinnamomum 
iners recorded in Kuching North city and UNIMAS (Zainudin et al., 2012) were found only 
in one of thirteen study site that was SI and UG respectively. Trees planted in residential 
places are different from Zainudin et al. (2012) , big trees were less while fruit trees and 
flowering plant were more in residential places and types of tree planted was also dependent 
on residents and developers of the area.  
It is known that bird species richness increases with vegetation richness (Lancaster 
& Rees, 1979).  This study revealed that bird species richness was significantly related with 
plant species richness and tree species richness respectively. Like the present study, Fontana 
et al. (2011) found that bird species richness and diversity were significantly influenced by 
woody plants. Tall trees were often frequented by bird species for foraging, roosting, hiding 
and nesting even urban exploiters often select tall trees (Menon & Mohanraj, 2016).  
Nevertheless, bird species richness was not influenced by shrub species richness. 
This is contrary with Paker et al. (2014) who found shrub species richness was positively 




from predator and extreme weather. Similarly, Bino et al. (2008) stated that the presence of 
shrubs is importantly for many forest birds.  
Labiran & Iwajomo (2018) found that the present of shrub species in urban of Nigeria 
found no significant relationship with bird species richness. Bird species and abundance 
recorded in this study were dominated by urban exploiters that associate well with human 
habitations and dependence on human food subsidies (Shochat et al., 2006). This indicate 
that urban exploiters in suburb residential can be less selective for their habitat. They were 
often found to agglomerate at waste disposal areas, small drains and ground to forage on 
foods, cable poles, roofs and lamp post for roosting, these recording maximum abundance 
and is line with the study of Menon and Mohanraj (2016) in city of India. Furthermore, urban 
exploiters are usually not dependent upon vegetation (Mackin-Rogalska et al., 1988). Instead, 
they rely on foods provided by humans (McKinney, 2006). Most of urban exploiters tend to 
forage on ground (granivores) or omnivores (Lancaster & Rees, 1979). Parsons et al. (2006) 
found that Common Myna prefer gardens with fewer trees but with higher proportion of 
lawn to forages.  
Previous study conducted in temperate region (Paker et al., 2014) was surveyed in 
public gardens (size ranged from 0.96 to 2.44 ha) which have larger green areas than that of 
suburb residential areas in this study. In addition, increasing the amount of vegetation in 
residential may have weaker positive effects because of highly fragmented with roads and 
buildings than non-residential vegetation (Smith et al., 2014). Woody trees and shrubs cover 
in residential are often lower than that of non-residential area. Furthermore, the increased of 
disturbance (e.g., human disturbance and noise disturbance) in urban may also reduce the 




With regards to the effect of indigenous and exotic plants on urban birds, many of 
the previous study found a positive correlation between indigenous plants and indigenous 
bird species. In Australia, White et al. (2005) found lower bird species richness in areas 
dominated by exotic vegetation compared to areas dominated by indigenous vegetation. The 
abundance and richness of species were lower in exotic and recently developed streetscapes 
than in park and native streetscapes (White et al., 2005). They also found that insectivorous 
and nectarivorous species were sensitive to the transition of native to exotic streetscapes, 
suggesting that these species were reliant on native vegetation for shelter and food resources. 
Again, geographic origin of vegetation is important as native vegetation may support more 
diverse bird communities (White et al., 2005; Lerman &Warren, 2011). Surprisingly, this 
present study found no significant influences between these variables, neither bird species 
richness, nor bird diversity, also bird species abundance. This was in line with Fontana et al. 
(2011) showed no influenced of exotic and indigenous woody plants on bird species richness, 
diversity and community composition.  
Similarly, positive correlations between vegetation richness and native bird species 
richness may also be weaker for residential vegetation (Smith et al., 2014). Residential 
vegetation is often less preferable for some native species while more preferable for exotic 
species (McKinney, 2006). An interesting study in city of Valdivia, in Southern Chile found 
that non-municipal green spaces present higher structural heterogeneity, offering variability 
of habitats and food resources to support diverse bird communities than highly managed, 
homogeneous municipal green spaces (Silva et al., 2015). Hence, in order to manage urban 
green spaces correctly, it is important for stakeholders to understand the configuration and 




On the other hand, housing density showed no significant relationship with urban 
bird assemblages.  This was demonstrated by Fontana et al. (2011) who revealed that 
buildings do not affect bird species richness. In fact, Grayson et al. (2007) stated that 
Passerine community composition was negatively affected by housing density in Perth. 
Same as for Silva et al. (2015) who found native bird richness responds negatively to 
building density. Generally, housing density increases causing remnant green area become 
smaller and fragmented, associated with more roads and increased traffic (Grayson et al., 
2007), however, this study found no relationship, suggesting urban birds were able and 
adapted to cross the fragmented areas and urban exploiters like dove and myna were often 















CHAPTER 6  
THE INFLUENCE OF URBAN PREDATION ON BIRD COMMUNITY IN 
SUBURB RESIDENTIAL AREAS OF KUCHING AND KOTA SAMARAHAN 
6.1 Introduction  
Domestic cats Felis catus, are mesopredator that threaten native birds and other 
animals typically those in the islands (Woods et al., 2003) and is listed in 100 worst non-
native invasive species in the world by International union for Conservation of Nature 
(IUCN). Globally, they have caused at least 33 species of birds to extinct (Nogales et al., 
2013). Domestication of cats took place around 9500 years ago that was from African 
wildcat Felis silvestris lybrica (Vigne et al., 2004; Driscoll et al., 2007). Cats are valued as 
companion pets and so they are ubiquitous across urban landscape (Sims et al., 2008).  
Cats are known as solitary hunters that hunt on small prey. They eat day and night 
with large number of meals per day as the requirement of protein is higher than dogs 
(Bourgeois et al., 2006). They will hunt even when they are well-fed (Jessup, 2004). They 
are unable to survive on vegetation diet (fruits or plants) and this increase the risk of 
starvation when prey is scarce (Bourgeois et al., 2006).  
The density of cats and dogs are dependent on many factors, that including habitats, 
cultures, social strata of residents (Bogel & Hoyte, 1990) and availability of resources (Beck, 
1973). Butler and Bingham (2000) claimed that dog population density was positively 
correlated with human population density. Similar as for cats, Sims et al. (2008) stated that 
their population density reflects that of human density. In predator-prey interaction, there is 
a potential that cats (predator) have negative impacts on the structure of bird assemblages 




richness and density (Sims et al., 2008).  Dickman (2009) reported that high cat activity 
reduced bird diversity and presumably through direct predation.  
Unlike cats, dogs Canis familiaris hunt in packs thus they usually catch on larger 
prey. When they caught a prey, the dominant has priority to eat first and choosing the best 
pieces (Bourgeois et al., 2006). Dogs can vary their diet they do take fruits or plants during 
scarcity of food.  
Domestic cats can be categorised into three groups: house cats (owned pets that spend 
all time within the house), free-roaming cats (owned pets but spend all or portion of time 
roaming outdoors) and feral cats (unowned cats that live outdoor and are not socialized to 
humans) (The Wildlife Society, 2017). This study categorised the domestic cats and dogs 
into a single group namely: free-roaming cats (dogs) (animals that has been socialized with 
humans but may have lost or left their home or owned pets that roaming on roadside, shop 
lots, residential areas and etc.).  
In Malaysia, both cats and dogs are common pets in many households. However, 
free-roaming or stray cats and dogs commonly seen in urban place has led to controversies. 
It is important to control on the populations in order to reduce zoonotic diseases, including 
rabies that spread in Sarawak recently. Moreover, they can cause troubles like noise, bites, 
defecating, road accidents and raiding the trash. Hence, population control is vital in 
addressing these issues.  
This chapter intended to examine carnivore (cats and dogs) density and later to 
examine the influence on the structure of urban bird communities in terms of bird density 
and diversity in suburbs residential of western Sarawak. Yet most studies on the impact of 
cat density on birds have been carried out in temperate regions, there is a dearth of 




about domestic dogs, this study examines on dog density as well to test if there is correlation 
with birds. The aim of this chapter addressed the following objectives: 
i. Estimate the density of free-ranging cats and dogs in suburban areas.  
ii. Investigate if housing density influences free-ranging cats and dogs in suburban. 
iii. Investigate if the cat and dog densities have influence on the diversity and density of 
birds in urban area.  
Hypothesis to test on correlation of birds and cat density:  
Ho3: The increase in cat density does not increase bird species richness significantly.  
HA3: The increase in cat density does increase bird species richness significantly.  
Hypothesis to test on correlation of birds and dog density: 
Ho5: The increase in dog density does not increase bird species richness significantly.  
HA5: The increase in dog density does increase bird species richness significantly.  
6.2 Materials and Methods 
6.2.1 Carnivores Survey Techniques 
In order to investigate the influence of carnivores on birds, the initial step was to 
know the number of carnivores and birds (Chapter 4) in selected study sites. The same 
technique line transect distance sampling method was used for estimating the number of cats 
and dogs. It has been used in many taxa (Nomani et al., 2012) for estimating the abundance 
of organisms (Buckland et al., 2001) as mentioned in Chapter 4. 
Cats and dogs were observed along a predetermined transect for a period of thirteen 
months from February 2016 to February 2017. Each sites were visited with equal number of 




Various assumptions were set in detectability of carnivores (cats and dogs) that apply 
variable width of transect sampling (Bibby et al., 1992), these were: (i) all carnivores on the 
route are detected; (ii) carnivores do not move before detection; (iii) distances are measured 
accurately; (iv) individual carnivores are counted only once; (v) carnivores are detected 
independently; (vi) bias from observers, seasons and weather are accounted.  
Transect followed the routes of bird survey that were provided accordance to 
accessibility and number of transects was proportional to the area of the site. Again, transects 
were spaced a least 250 m to avoid counting the same individuals twice (Bibby et al., 1992). 
Speed was standardized at 1.5 km/h to avoid bias for comparison between sites. Individuals 
seen along the transect were recorded in data sheet with the sighting distance, angle and 
activities and if the carnivores observed were in cage were excluded in this study. 
Measurement of the distance (!) was aided by rangefinder (Nikon 1200S Laser rangefinder) 
and angle (θ) was estimated using compass. The perpendicular distance (") from the transect 
line to the animal was calculated using the formula:  
" = ! sin ' 
6.2.2 Density Estimation  
The abundance of cats and dogs in suburban was estimated by direct count in study 
sites. Perpendicular distances of all the individuals detected within the urban transects were 
analysed using Distance 7.0 (Thomas et al., 2010) to estimate the density and detection 
probability of cats and dogs in urban. The half-normal key function was fitted to the 
ungrouped, non-truncated data (distance (  was at least as large as the largest recorded 
distance) with cosine series of expansion and found to fit well (Buckland et al., 2001). The 






Where, ) is density (individuals per unit area), + = number of birds detected, ( = 
half of the effective strip width (m), - = total transect length (m), and .!= probability that a 
randomly chosen individual within the surveyed area is detected. 
6.2.3 Test of Correlation with Carnivore Density and Urban Bird Density and Diversity 
In this chapter the data analysis was restricted to Passeriformes (Grayson et al., 2007) 
and Columbiformes (Sims et al., 2008) which excluded migratory bird species. Again, the 
bird species richness, diversity and density mentioned in this chapter were excluded the 
migratory species. SPSS Version 20.0 (IBM Corporation, 2011) was used to analyse the 
regression model to examine on the relationship of carnivores and birds. Linear regression 
model attempt to describe the linear relation of two variables: independent variable, 1 and 
dependent variable, 2 (also known as response variable) that is defined by the equation: 2 =
3 + 51, where 1 is the independent variable, 2 the dependent variable, 3 the intercept and 
5 the slope. Regression line enables to predict the value of 2 from that of	1. The slope 5 is 
also known as regression coefficient.  
6.3 Results  
Total 290.2 km walked along 13 months of survey period, 1461 detection of 
carnivores was recorded. Of the total, domestic cats represented 268 observations and dogs 
represented 1193 observations. The overall density for cats in 13 study sites was 0.68 
individuals ha-1 (SE = 0.052, CV = 7.83%) while for dogs was 1.66 individuals ha-1 (SE = 




density of cats varied from 0.29 ind. ha-1 to 3.16 ind. ha-1. Conversely the density of dogs 
was higher, that was 0.52 ind. ha-1 to 9.69 ind. ha-1 (Table 6.1). Highest density of cats was 
recorded in Midway Link (3.16 ind. ha-1) followed by Tabuan Jaya Baru 2 (0.98 ind. ha-1) 
and Taman Sarmax (0.98 ind. ha-1). Whereas for dogs, highest density was recorded in 
Taman Orchid (9.69 ind. ha-1) followed by Midway Link (4.78 ind. ha-1) and Taman Sarmax 
(4.48 ind. ha-1). Noteworthy, the number of dogs were higher than that of cats in each 




















Note: *TBP, Tabuan Park; SA, Samajaya Apartments; SI, Stutong Indah; MU, Medan Universiti; TDI, Taman Desa Ilmu; UG, Unigarden; ML, 
Midway Link; RV, Riveria; TJB2, Tabuan Jaya Baru 2; TP, Taman Polarwood; TS, Taman Sarmax; TT, Taman Timberland; TO, Taman 
Orchid. 
Site TBP SA SI MU TDI UG ML RV TJB2 TP TS TT TO 
Area (ha) 14.54 7.17 19.66 3 145.76 79.52 2.74 32.11 15.11 11.79 9.7 14.16 1.86 
Dog density ind. ha-1 2.38 - 3.77 3.51 0.52 0.62 4.78 2.24 2.9 0.85 4.48 1.57 9.69 
Cat density ind. ha-1 0.91 - 0.89 - 0.43 0.29 3.16 - 0.98 - 0.98 0.97 - 
Bird species richness 20 15 19 9 14 16 11 19 21 12 16 14 10 
Bird density ind. ha-1 13.13 13.74 7.82 8.22 6.79 3.93 8.42 4.74 13.52 3.09 16.28 25.52 18.2 





Figure 6.1: The monthly average number of carnivores measured between year 2016 and 
2017 in 13 suburban study sites.  
 
In SI, residents were seen to provide foods for dogs roaming around the area. The 
number of dogs was relatively higher than that of cats. DI was recorded with the highest 
number of cats. Although TO is the smallest among sites but the number of dogs was higher 
than SA, MU and ML. 
6.3.1 The Influence of Housing Density on Carnivore Density 
Sites with the highest housing density was represented by ML (28.5 houses ha-1) 
while the lowest was MU (7.33 houses ha-1). The regression test for cats and housing 
densities showing a positive correlation (b1 = 0.13). However, dog density showed no 
significant relationship with housing density (P > 0.05).  
This study found that housing density was correlated with cat density (R2 = 0.67, P 
< 0.05) but not for dog density (R2 = 0.05, P > 0.05), suggesting more stray dogs compared 




























Figure 6.2: Regression plot for the relationship between housing density and (a) cat density 
and (b) dog density. 
 
6.3.2 The Influence of Carnivore on Urban Bird Density and Diversity  
The regression analysis did not show any significant relationship between avian 
density, diversity and richness versus carnivore density (P > 0.05) (Figure 6.3). The 
regression plot for bird species richness and cat density showing a negative slope (b1 = -1.94) 















































(c)  (d) 
  
(e) (f) 
Figure 6.3: Simple linear regression plots for birds against carnivore density in all study 
sites with equation and explanatory power provided. Relationships of (a) bird density and 
cat density, (b) bird density and dog density, (c) bird species richness and cat density, (d) 
bird species richness and dog density, (e) bird diversity and cat density, and (f) bird diversity 
and dog density.


















































































































In this study, the canine population in suburban was higher than that of feline 
population along the survey period. This was in contrast with the study of Campos et al. 
(2007) in south-eastern Brazil. The fact that cats are unable to survive on vegetation diet that 
increase the risk of starvation (Bourgeois et al., 2006) might explain this finding. In addition, 
type of pets living in households differ around the world and depends on local preference. 
The cat density ranged from 0.28 ind. ha-1 at UG to 3.03 ind. ha-1 at ML. Conversely the 
density range for dogs was bigger, that was 0.53 ind. ha-1 at DI to 10 ind. ha-1 at TO. There 
were five study sites that were failed to estimate the cat density and one study site that was 
failed to estimate the dog density owing to insufficient of data collection (SA, MU, RV, TP 
and TO). Comparably, the density of cats in suburban of western Sarawak was well below 
of that in temperate region. Sims et al. (2008) stated that the density of cats was varied from 
132 to 1580 ind. km-2 in Britain. Yet another study in Britain estimated that the mean cat 
density was 348 ind. km-2 (Baker et al., 2008). In Perth, the mean cat density was 3.30 ind. 
km-2 (Grayson et al., 2007). Unfortunately, there was no clear information about the number 
of cats and dogs in Sarawak. 
The housing density correlated with that of cat density (R2 = 0.67, P = 0.01). This 
was consistent with the study of Sims et al. (2008). However, this relation was not significant 
with the test of dog density. The explanatory power was almost negligible. A study in 
Metropolitan Ankara by Ozen et al. (2016) indicated that there was no significant correlation 
between the number of cats or dogs and the human population in the settlements. In another 
way, this study might suggest that other factors like resources, local culture and social strata 




It was believed that the abundance of cats (Sims et al., 2008) and dogs were relatively 
related to their association with humans (Campos et al., 2007). The populations of cats and 
dogs were depending on many factors (Bogel & Hoyte, 1990) including the availability of 
resources like food and shelter (Beck, 1973). Along the survey, there were eight individuals 
of dogs that were fed by residents in the neighbourhood. Same as for other populations, 
feeding or supplementary of foods can attract individuals to the residence. This phenomenon 
can easily be seen in cafeteria, restaurant and grocery stores because food was easy access 
in this place.  
This study did not show any correlation between cats and birds because cat density 
was not a predictor of urban bird assemblages (density, species richness and diversity). 
Domestic cats shown a slightly steeper slope on bird species richness. However, the test was 
not significant. The slope and explanatory power for both bird density and diversity against 
cat density were almost negligible. This finding suggesting that cats in suburban are not 
dependent on hunting because they are well fed. This result was compatible with study in 
suburban Perth of Grayson et al. (2007), they found cat density did not influence on bird 
species richness and community composition instead, was influenced by housing density and 
distance to forest. This study also in line with Parsons et al. (2006) that the presence of cats 
was not related to the presence of small birds in garden. In contrast, there were many studies 
in temperate show domestics cats significantly influence on bird communities. Woods et al. 
(2003) estimated that Britain cats brought home 27 millions of birds in five months. Dickman 
(2009) found that cat activity negatively reduced bird species richness in Sydney. In New 
Zealand, van Heezik et al. (2010) stated that birds were the most common prey brought back 
by cats (n = 688, 37%) then followed by rodents. Blancher (2013) stated that cats were 




domestic cats were estimated to kill 1.3 to 4.0 billion birds annually (Loss et al., 2013). In 
Finland, Kauhala et al. (2015) estimated that 18% of total of 1488 identified prey animals 
that cats brought home were birds. Another study in urban Britain by Sims et al. (2008) 
found negative relationship between cat density and bird species richness. One of the reason 
that this study failed to show any correlations between cats and bird assemblages because 
owing of insufficient data for the analysis as there were five study sites that failed to estimate 
the cat density (SA, MU, RV, TP and TO). Furthermore, those studies in temperate regions 
were uniformly high in cat density. Through the thirteen months survey, there was once the 
observer seen the cat trying to attack the Spotted Dove on roof. Others the cats were just 
exploring, foraging around the neighbourhood, laying, sleeping, grooming and playing.  
As expected, dog density showed no relationships with bird species richness and 
diversity. This is in line with Parsons et al. (2006). This was because dogs normally would 
not attack birds and owned dogs were given with pet food, and sometimes birds feed on the 
pet food. Furthermore, dogs can be omnivores as they can feed fruits and vegetables 
(Bourgeois et al., 2006).  
There were many potential risks of increasing number of stray cats and dogs. For 
instance, transmission of rabies and other zoonotic diseases, trouble caused like noise, bite 
injuries, faecal contamination, road accident and raiding of trash. Free-roaming dog 
population control is crucial. Many factors causing the increase of strays which include 
unplanned urbanisation, irresponsible owners, improper waste management and local 
cultures (Jackman & Rowan, 2007). Consequently, the data of population size of stray cats 
and dogs were important, however the information was limited. The estimation of this study 





CHAPTER 7  
GENERAL DISCUSSION AND CONCLUSION 
7.1 Significance of the Study 
The overall bird diversity in urban was lower than that of university campus as the 
campus is surrounded by secondary and mix peat swamp forests (Voon et al., 2014). 
Eurasian Tree Sparrow was the most widely distributed species, followed by Common Myna, 
Spotted Dove and Asian Glossy Starling. These species thrive well in urban environment 
and are common in all suburban study sites chosen. These species are ubiquitous in urban 
especially on the ground, cable, lamp post and roof.  
Five introduced species (Eurasian Tree Sparrow, Common Myna, Zebra Dove, Javan 
Myna and Rock Pigeon) (Yap & Sodhi, 2004) were recorded in this survey, three were 
abundant species (Eurasian Tree Sparrow, Common Myna, Zebra Dove) that present in all 
suburban residential. Introduced species recorded were in line with Sze et al. (2018). 
Introduced species accounted for 47%, which was relatively similar to the abundance of 
native species, suggesting that these species have adapted and thrived in suburban residential, 
food resource in urban are suitable for and associated well with human habitations especially 
sparrow, myna and dove which have elevated the exotic species abundance as well as overall 
bird relative abundance. Bird abundance in urban tends to increase with urbanisation 
resulting in higher density of few urban exploiters, and these often exotic species (Chace & 
Walsh, 2004).  
Bird density in suburb residential varied among sites from 3.2 ind. ha-1 in TP to 25.5 
ind. ha-1 in TT.  High density in TT is likely because of Columbiformes species, Spotted 




to exploit urban environments and closely associate with human habitation and dependence 
on human food subsidies (Shochat et al., 2006).  
The urban bird density in each study sites were mostly dominated by generalists like 
Eurasian Tree Sparrow, Common Myna, Spotted Dove and etc. which were granivorous and 
omnivorous that adapted well and are not dependent on natural food resources. Furthermore, 
residents were seen to provide food for birds that attracted dove species and sparrow to feed 
on it which probably caused spike on the density of birds in study sites, and elevated the 
abundance of these species as well as guild abundance. Parsons et al. (2006) found that total 
bird abundance were increased with the provision of seeds in garden. Moller et al. (2006) 
claimed that urban exploiters rely on foods and shelters provided by humans. 
The species composition of urban birds was dominated by omnivore, followed by 
granivore, carnivore, insectivore and frugivore. Omnivores, generalists in diet and habitat 
use and they are efficient in exploiting urban resources (Blair, 1996). In term of abundance, 
granivore was on top, implying that seeds are ample food resource in urban environments. 
This is consistent with Lim and Sodhi (2004), where most common urban species were 
dominated by granivore and omnivore in Singapore. Urban exploiters tend to be ground 
forager granivore or omnivore (Lancester & Rees, 1979), and granivore thriving well in man-
made habitats (Lim & Sodhi, 2004). Granivore are ubiquitous in suburb residential area, they 
were highly dominated by Eurasian Tree Sparrow and Spotted Dove that elevated the guild 
abundance. Frugivore were relatively low in species composition as well as guild abundance, 
implying that fruit trees in suburb residential might not adequate, or suburb residential 
habitat with highly fragmented roads restricted frugivore. Lim and Sodhi (2004) reported 





Vegetation diversity, the only significant variable related to bird species richness. 
This study found that bird species richness was significant with plant species richness (P = 
0.022) and tree species richness (P = 0.018) respectively. Like the present study, Fontana et 
al. (2011) found that bird species richness and diversity were significantly influenced by 
woody plants. The proportion of trees was the most important variable that positively 
influence on bird species richness (Rodrigues et al., 2018). This finding implying that 
availability of trees in suburban plays an important role in conserving the bird diversity in 
urban landscapes. Tall trees were often frequented by bird species for foraging, roosting, 
hiding and nesting including urban exploiters that often select tall trees (Menon & Mohanraj, 
2016).  
Nevertheless, bird species richness was not influenced by shrub species richness. 
This is contrary with Paker et al. (2014) and Bino et al. (2008). However, this is consistent 
with Labiran & Iwajomo (2018) that claims birds in urban was not influence by shrub species 
richness. Birds in suburb residential are dominated by urban exploiters that are well 
associated with human habitations. They tend to be less selective as such they often 
agglomerate at waste disposal areas, small drains and ground to forage on foods, whereas 
cable poles, roofs and lamp post are often selected for roosting (Menon & Mohanraj, 2016).  
Furthermore, urban exploiters are usually not dependent upon vegetation (Mackin-Rogalska 
et al., 1988). Instead, they rely on foods provided by humans (McKinney, 2006). Most of 
urban exploiters tend to forage on ground (granivores) or omnivores (Lancaster & Rees, 
1979). In addition, increasing the amount of vegetation in residential may have weaker 
positive effects because of highly fragmented with roads and buildings than non-residential 
vegetation (Smith et al., 2014). Woody trees and shrubs cover in residential are often lower 




disturbance and noise disturbance) in urban may also reduce the quality of residential 
vegetation for many species and these yielded urban exploiters. The level of noise is one of 
the important feature that affects urban bird distributions (Chace & Walsh, 2004) and may 
negatively impact reproductive success (Shochat et al., 2010).  
This study found no association between birds and carnivores (cats and dogs). This 
study provided no support for the claim that the presence of carnivore has influence on bird 
population in suburban. There were no significant associations between these variables, the 
expectation of cats has negative influence on bird species (density, species richness and 
diversity) through predation was failed to support in this survey, suggesting that cats in 
suburban residential are well fed and rely on human provisioning rather than hunting. This 
result was compatible with study in suburban Perth of Grayson et al. (2007), they found cat 
density did not influence on bird species richness and community composition. However, 
was contradicted with several study that proved cats influence on birds (like Woods et al., 
2003; Sims et al., 2008; Dickman, 2009; van Heezik et al., 2010). One of the reason that this 
study failed to show any correlations between cats and birds because owing of insufficient 
data for the analysis. Furthermore, those studies in temperate regions were uniformly high 
in cat density.  
Consequently, urban environment should view as new habitat for wildlife species 
rather as loss of habitat. Of course with proper management, and further research on the 
patterns of bird community in specific species response to urban environments, has the 
potential to support diverse bird communities. Vegetation in urban matrix could be managed 
to promote a diversity of native species, this may provide a secondary habitat for conserving 




The most common foraging substrate is the ground which is consistent with (Green, 
1984), further study shall include lawn cover in order to investigate the influence on ground-
foragers. Parsons et al. (2006) stated that Common Myna prefer to forage in garden with 
higher proportion of lawn cover. Urban lands are expanding continuously, landscape planner 
playing a crucial role in adopting effective strategies in order to reduce the impact of 
urbanisation. This study provides a checklist of bird species in suburb residential areas and 
contributes the understanding of the factors that may influence the presence of birds in urban 
areas. This will inform stakeholders and conservationists to facilitate useful decisions 
making process in land use planning for maintaining a balance habitat for the coexistence of 
human and avian assemblage in urban environments.  
7.2 Recommendations 
Despite rapid expansion or urbanisation, key features of urban environment can be 
used to support the conservation of bird populations. This study leads us to several 
recommendations: 1) Habitat heterogeneity in urban areas need to be increased with planting 
suitable indigenous trees for local bird species. 2) Increasing urban green space should be 
considered in urban planning for maintaining bird diversity. 3) Management of exotic bird 
species need to be considered in future urban planning. This may include proper waste 
disposal system. 4) Cats and dogs need to be responsibly managed by the owner to reduce 
predation. 
7.3 Limitations 
In this study, carnivore may be underestimated as some of the cats and dogs may be 




enumerated, those planted inside the household area were not recorded which may influence 
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Appendix A: Bird species recorded in each suburban survey areas.  
Common name TBP SA SI MU TDI UG ML RV TJB2 TP TS TT TO SUM 
Common Sandpiper 4 0 0 0 2 0 0 5 8 0 0 0 2 21 
Cinnamon Bittern 0 1 1 0 0 1 0 0 1 1 0 0 0 5 
Intermediate Egret 0 0 0 0 1 2 2 7 3 0 0 0 0 15 
Little Egret 4 0 2 1 0 0 0 3 0 3 1 0 0 14 
Pink-necked Green-Pigeon 1 0 4 0 1 2 3 0 22 4 17 2 10 66 
Rock Pigeon 0 0 0 0 8 0 0 0 0 0 0 0 0 8 
Spotted Dove 150 40 126 10 115 92 30 97 163 77 52 598 40 1590 
Zebra Dove 43 19 45 6 34 22 10 71 80 48 24 55 8 465 
Collared Kingfisher 9 1 1 0 0 0 0 3 18 1 0 0 0 33 
Greater Coucal 0 2 0 0 0 0 0 0 0 0 0 0 0 2 
Red Junglefowl 3 0 0 0 0 0 0 0 0 0 0 0 0 3 
White-breasted Waterhen 34 15 12 17 0 1 0 11 13 2 11 22 4 142 
Common Iora 0 0 0 0 0 0 0 0 4 0 0 0 0 4 
White-breasted Woodswallow 5 0 0 0 4 2 1 12 22 0 1 0 0 47 
Pied Triller 1 1 0 0 8 3 0 4 0 0 4 0 0 21 





Appendix A continued 
Yellow-bellied Prinia 0 0 3 0 0 0 0 0 4 0 0 0 0 7 
Orange-bellied Flowerpecker 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
Black-headed Munia 31 9 2 17 19 8 5 51 60 47 56 0 0 305 
Dusky Munia 8 0 0 0 0 2 6 3 3 0 0 0 0 22 
Scaly-breasted Munia 0 0 0 0 0 5 0 12 0 0 2 0 0 19 
Long-tailed Shrike 0 1 2 0 7 11 0 0 2 0 0 0 0 23 
Magpie Robin 0 0 1 0 0 0 2 14 4 0 5 2 0 28 
Crimson Sunbird 1 0 2 0 0 0 0 1 1 0 0 0 1 6 
Brown-throated Sunbird 2 0 6 0 3 2 0 5 14 0 0 5 3 40 
Olive-backed Sunbird 13 4 4 1 13 6 0 33 32 3 10 4 0 123 
Eurasian Tree Sparrow 156 239 257 84 304 204 36 130 162 46 124 228 67 2037 
Yellow-vented Bulbul 24 21 63 20 56 18 1 23 55 17 56 46 16 416 
Pied Fantail 0 4 4 0 0 0 0 0 2 0 1 2 0 13 
Asian Glossy Starling 17 12 25 75 443 119 46 114 122 13 46 109 18 1159 
Common Myna 185 94 120 5 169 93 14 77 35 69 85 24 29 999 
Javan Myna 75 10 4 0 0 0 0 5 0 24 1 66 0 185 
Oriental White-eye 0 0 3 0 0 0 0 0 24 0 0 0 0 27 
Grey-capped Pygmy 
Woodpecker 




Appendix B: Relative abundance of bird species in suburban residential of western Sarawak. 
Order Family Species name Common name Observation (n) 
Charadriiformes Scolopacidae Actitis hypoleucos Common Sandpiper 21 
Ciconiiformes Ardeidae Ixobrychus cinnamomeus Cinnamon Bittern 5 
  Mesophoyx intermedia Intermediate Egret 15 
  Egretta garzetta Little Egret 14 
Columbiformes Columbidae Treron vernans Pink-necked Green-Pigeon 66 
  Columba livia Rock Pigeon 8 
  Spilopelia chinensis Spotted Dove 1590 
  Geopelia striata Zebra Dove 465 
Coraciiformes Alcedinidae Todiramphus chloris Collared Kingfisher 33 
Cuculiformes Cuculidae Centropus sinensis Greater Coucal 2 
Galliformes Phasianidae Gallus gallus Red Junglefowl 3 
Gruiformes Rallidae Amaurornis phoenicurus White-breasted Waterhen 142 
Passeriformes Aegithinidae Aegithina tiphia Common Iora 4 
 Artamidae Artamus leucorynchus White-breasted Woodswallow 47 
 Campephagidae Lalage nigra Pied Triller 21 
 Cisticolidae Orthotomus ruficeps Ashy Tailorbird 2 
  Prinia flaviventris Yellow-bellied Prinia 7 
 Dicaeidae Dicaeum trigonostigma Orange-bellied Flowerpecker 1 
 Estrildidae Lonchura atricapilla Black-headed Munia 305 
  Lonchura fuscans Dusky Munia 22 
  Lonchura punctulata Scaly-breasted Munia 19 




Appendix B continued 
 Muscicapidae Copsychus saularis Magpie Robin 28 
 Nectariniidae Aethopyga siparaja Crimson Sunbird 6 
  Anthreptes malacensis Brown-throated Sunbird 40 
  Nectarinia jugularis Olive-backed Sunbird 123 
 Passeridae Passer montanus Eurasian Tree Sparrow 2037 
 Pycnonotidae Pycnonotus goiavier Yellow-vented Bulbul 416 
 Rhipiduridae Rhipidura javanica Pied Fantail 13 
 Sturnidae Aplonis panayensis Asian Glossy Starling 1159 
  Acridotheres tristis Common Myna 999 
  Acridotheres javanicus Javan Myna 185 
 Zosteropidae Zosterops palpebrosus Oriental White-eye 27 





























1 301.96 18.16 3.34 2.91 20.01 17.18 19.64 17.18 17.18 
2 603.92 22.45 3.47 3.43 24.66 30.91 24.85 23.04 25.78 
3 905.88 24.96 3.03 3.81 26.45 31 26.86 29.78 29.48 
4 1207.85 26.64 3.52 3.42 28.99 32.1 30.61 31.7 32.15 
5 1509.81 27.86 3.06 3.01 29.37 31.75 31.3 33.19 32.68 
6 1811.77 28.8 2.96 2.87 30.09 32.26 31.02 36.54 33.47 
7 2113.73 29.56 2.76 3.02 30.63 32.47 31.51 34.86 33.92 
8 2415.69 30.19 2.66 2.79 30.93 32.54 31.9 34.55 34.07 
9 2717.65 30.72 2.56 2.73 31.34 32.7 31.81 35.26 34.27 
10 3019.62 31.18 2.64 2.66 31.95 33.19 32.7 35.65 34.78 
11 3321.58 31.58 2.53 2.97 32.47 33.97 32.69 36.11 35.07 
12 3623.54 31.93 2.45 2.87 32.96 34.35 33.31 36.88 35.5 
13 3925.5 32.24 2.31 3.03 33.31 34.44 33.61 36 35.65 
14 4227.46 32.5 2.38 2.88 33.87 34.75 34.1 35.97 35.95 
15 4529.42 32.74 2.4 2.8 34.3 35.04 34.7 35.64 36.18 
16 4831.38 32.95 2.21 2.55 34.35 34.85 34.73 35.22 36.01 




Appendix C continued 
18 5435.31 33.3 2.02 2.4 34.5 34.86 34.94 35.45 35.95 
19 5737.27 33.44 2.01 2.13 34.65 34.82 35.37 35.63 35.89 
20 6039.23 33.57 1.87 2.02 34.57 34.82 35.11 34.94 35.85 
21 6341.19 33.68 1.76 2.12 34.66 34.89 35.04 34.81 35.85 
22 6643.15 33.77 1.66 2.09 34.63 34.88 35.07 34.83 35.75 
23 6945.12 33.85 1.44 2.14 34.47 34.67 34.54 34.37 35.45 
24 7247.08 33.91 1.29 2.16 34.41 34.64 34.51 34.27 35.37 
25 7549.04 33.96 1.18 2.05 34.39 34.56 34.42 34.23 35.21 






Appendix D: Overall bird diversity in suburban residential estimated using PAST 3. 
 
Total Lower Upper 
Taxa_S 34 34 34 
Individuals 7851 7851 7851 
Dominance_D 0.1555 0.1518 0.1593 
Simpson_1-D 0.8445 0.8407 0.8482 
Shannon_H 2.206 2.181 2.23 
Evenness_e^H/S 0.2671 0.2604 0.2736 
Brillouin 2.195 2.17 2.219 
Menhinick 0.3837 0.3837 0.3837 
Margalef 3.68 3.68 3.68 
Equitability_J 0.6256 0.6184 0.6324 
Fisher_alpha 4.563 4.563 4.563 
Berger-Parker 0.2595 0.2499 0.2691 








   
108 
 




Appendix F: Regression statistics for bird species richness, density and diversity for three 
vegetation variables. 
Category b1 c F1,12 R
2 P 
No. of plant species      
Bird species richness 0.24 10.50 7.60 0.41 0.02 
Bird density, ind. ha-1 0.06 9.53 0.15 0.01 0.70 
Bird diversity, H' 0.01 1.73 1.80 0.14 0.21 
      
No. of tree species      
Bird species richness 0.42 10.51 8.72 0.44 0.01 
Bird density, ind. ha-1 -0.08 12.32 0.08 0.007 0.78 
Bird diversity, H' 0.01 1.77 1.35 0.11 0.27 
      
Tree density, tree ha-1      
Bird species richness -0.36 18.84 1.20 0.10 0.30 
Bird density, ind. ha-1 0.20 9.97 0.17 0.02 0.69 
Bird diversity, H' -0.02 2.08 0.97 0.08 0.35 




















Appendix G: Linear regression analysis for vegetation diversity on birds in suburban 
residential.  
(a) Bird species richness vs. no. of plant species 
 







Appendix G continued 
(c) Bird species richness vs. no. of tree species 
 







Appendix G continued 
(e) Bird species richness vs. tree density 
 







Appendix H: Linear regression for carnivore density on birds in suburban residential.  
(a) Bird density vs. cat density 
 








Appendix H continued 
(c) Bird diversity vs. cat density 
 






Appendix H continued 
(e) Bird species richness vs. dog density 
 







Appendix I: Regression statistics for relationship between carnivore density (cats and dogs) 
and bird density, species richness and diversity. 
Category b1 c F1,7; F1,11 R2 P 
Bird density vs. cat density 0.16 11.76 0.002 0.0004 0.96 
Bird species richness vs. cat density -1.94 18.46 2.02 0.25 0.21 
Bird diversity (Hˊ) vs. cat density -0.017 1.94 0.000 0.0005 0.99 
Bird density vs. dog density 1.06 7.51 1.9 0.16 0.2 
Bird species richness vs. dog density -0.54 16.76 1.26 0.11 0.29 
Bird diversity (Hˊ) vs. dog density -0.000 1.95 0.000 0.000 0.99 
*b1, slope; c, constant; F1,7, degree of freedom cat analysis, F1,11, degree of freedom dog 






    
Plate A1: Common bird species observed in suburban residential. 
    
                           Spotted Dove, Spilopelia chinensis                                 Scaly-breasted Munia, Lonchura punctulata 
       
                           Asian Glossy Starling, Aplonis panayensis                         Zebra Dove, Geopelia striata 
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Plate A1 continued 
    
                           Common Myna, Acridotheres tristis                                 Pied Fantail, Rhipidura javanica 
    
                           Little Egret, Egretta garzetta                                            Pink-necked Green Pigeon, Treron vernans 
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Plate A2: Plant species observed in suburban residential. 
    
                             Goa tree, Andira inermis                                                Kelat paya, Syzygium myrtifolium 
    
                             Coconut palm, Cocos nucifera                                       Paperflower, Bougainvillea spp.
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Plate A2 continued 
    
                                   Pomegranate, Punica granatum                     Bunga raya, Hibiscus rosa-sinensis 
    
                                    Foxtail palm, Wodyetia bifurcata                     Papaya, Carica papaya 
